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NOTICE 


Regarding the Courses of Instruction proposed to be given by the 
Liverpool School of Tropical Medicine, and the Examinations for the 
Diploma of Tropical Medicine arranged to be held by the University 
of Liverpool during 1907 (subject to such alteration as may hereinafter 
be decided upon), 

Lent Term begins January 15. 

Lent Examination, March 25. 
Summer Term begins May 1. 
Summer Examination, July 15. 
Autumn Term begins October 1. 
Autumn [:xamination, December 10. 


The full Course of Instruction is open to all qualified medical men, 
and the examination to all students who have taken out this full 
course. 

Fee for the full Course of Instruction Ten guineas.’ 

Fee for the Examination— Five guineas. 

Fee for the use of a School microscope during one term— Ten 
shillings. 

For prospectus and further information, application should be made 
to the Dean of the Medical Faculty, University of Liverpool. 

The following have obtained the Diploma in Tropical Medicine of 
the University of Liverpool :- 


Diploma in Tropical Medicine 


Date of Date of 

Diploma Diploma 

1906 =Adie, Joseph Rosamond Khan, Saiduzzafor 

1g05 Anderson, Catherine KImslie 1904 Laurie, Robert 

Frank Arthur 1907. Le Fanu, George Ernest Hugh 
1904 Augustine, Henry Joshua 1905 Macfarlane, Robert Maxwell 
1g00 =Bate, John Brabant 1900 Mackenzie, Donald Francis 
1904 Bennett, Arthur King 1904 Maclurkin, Alfred Robert 

1907. Bond, Ashton 1905 Maddock, Edward Cecil Gordon 
1g05 brown, Alexander 1904 McConnell, Robert Ernest 
1904 Bruce, William James 1905 Moore, James Jackson 

1904 Byrne, John Scott 1904 Nicholson, James Edward 
1g05 Caldwell, Thomas Cathcart 1905 Nightingale, Samuel Shore 
1906 ~Chisholm, James Alexander 1906 ~Pailthorpe, Mary Elizabeth 
1904 Clayton, Thomas Morrison 1g00 ~Palmer, Harold Thornbury 
1g05 Critien, Attilio 1906 Pearse, Albert 

1904 Dalziel, John McEwen 1904 Philipson, Nicholas 

1904 Dee, Peter 1905 Radcliffe, Percy Alexander Hurst 
1900 Dundas, James 1904 Sharman, Eric Harding 

Norman 1g06 ‘Taylor, William Irwin 

1907. Fell, Matthew Henry Gregson 1904 Thomson, Frank Wyville 

1904 Greenidge, Oliver Campbell 1900 Edward Joseph 

1904 Hehir, Patrick 1907 Vallance, Hugh 

1g05 Hooton, Alfred 1904 Walker, George Francis Clegg 
1905 Hudson, Charles Tilson 1906 Watson, Cecil Francis 

1g05_ Illington, Edmund Moritz 1906 Willcocks, Roger Durant 

1906 Jeffreys, Herbert Castelman 1906 Williamson, George Alexander 
1907. Kennan, Richard Henry 1g05 Young, John Cameron 


1g07_ Kenrick, William Hamilton 
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EDITORIAL NOTICE 


By order of the Committee of the Incorporated Liverpool School 
of Tropical Medicine, the series of the Reports of the School, which 
have been issued since 1899, will be followed, from January 1, 1907, 
by the Annals of Tropical Medicine and Parasitology, of which 
this is the second number. 


The Annals are issued by the Committee of the School, and will 
contain all such matter as was formerly printed in the Reports— that 
is to say, accounts of the various expeditions of the School and of the 
scientific work done in its laboratories at the University of Liverpool 
and at Runcorn. Altogether twenty-one Memoirs, besides other 
works, have been published by the School since 1899, and of these 
ten, containing 519 quarto or octavo pages and 95 plates and figures, 
were published during the two years 1904 and 1905; and there is no 
reason to suppose that this rate of production by the workers of the 
School alone will diminish in the future. In addition, however, to 
School work, original articles from outside on any subject connected 
with Tropical Medicine or Hygiene may be published if found 
suitable (see notice on back of cover); so that, in all probability, not 
less than four numbers of the Annals will be issued annually. = Each 
number will be brought out when material sufficient for it has been 


accumulated. 
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AN AUTOMATIC OILER FOR THE 
DESTRUCTION AND PREVENTION 
OF MOSQUITO LARVAE IN CESSPOOLS 
AND OTHER COLLECTIONS OF WATER 
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AN AUTOMATIC OILER FOR THE 
DESTRUCTION AND PREVENTION 
OF MOSQUITO LARVAE IN CESSPOOLS 
AND OTHER COLLECTIONS OF WATER 


BY 


E. HOSS, Anp H. C. ROSS, 


LATE SURGEONS R.N. AND MEDICAL OFFICERS’ DEPARTMENT OF 
PUBLIC HEALTH IN EGYPT 


(Received January 16th, 1907) 


In the large towns of Egypt the breeding of mosquitoes is 
practically confined to the cesspools. With the exception of 
Alexandria there are at present no schemes for the disposal of 
sewage on modern lines, and therefore it passes into cesspools under 
or near the houses. These cesspools are practically the only 
collections of water where mosquitoes can breed, and it is to them 
that most attention must be paid in anti-mosquito campaigns. 

Besides mosquitoes, all sorts of vermin live in the cesspools ; 
and in plague-infected towns, the knowledge of the fact that rats 
have to depend on these collections of water for drinking purposes, 
is of the utmost importance. | 

In Port Said and Ismailia, where there have been successful 
campaigns, all cesspools are treated with a mixture of crude and 
refined petroleum once a week. This has up to now involved very 
considerable labour, a constant supervision, and a large expenditure 
of oil; and it was in the endeavour to overcome these difficulties that 
the following automatic oiler was designed. 

Our aim was to produce an apparatus which would give a constant 
supply of oil to the surface of the water in the cesspools; which 
could be easily applied by unskilled labour (native); which could be 
cheaply made in any country; and lastly, one whose application 
would, if possible, reduce the cost of a campaign. We have found by 
experiment that this apparatus has fulfilled the requirements. 

The apparatus is made of metal. We use the empty kerosene 
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tins in which the crude oil is supplied. The shape is that of a drum 
with two spouts, one at each end, and is shown in the drawing. 
It will be noticed that the spouts do not arise from the centre of the 
ends of the drum, but from one edge of them; are directly opposite 
to one another, and are numbered A and B. On the spout B a 
weight is suspended. All joints are soldered. 

In A a sand filter is placed. This consists of a glass tube, with 
an internal diameter of one centimetre, containing sand. The tube 
passes through a cork which is pressed home in the spout. To make 
the sand filter :-Draw out some tubing to a point and cut off so that 
the lumen is about half a centimetre in diameter. Place a small plug 
of glass wool in the neck so formed and fill up two inches of the tube 
with fine sand. Then place another small plug of asbestos wool and 
again draw out the tube round it and cut off. 

The whole apparatus should now be tested to see if it is tight. 
To complete it, a piece of galvanized iron wire is fastened to each 
spout, each piece being about two feet in length. The two pieces 
are joined together above, and from their junction a wire passes 
upwards which must be long enough to reach from nearly the bottom 
of the cesspool to the manhole door. This appliance when filled with 
water will immediately sink, assuming a horizontal position under 
water; but when filled with oil, would float were it not for the weight 
on the spout B. Consequently, when filled with oil and dropped into 
water, it will sink to the bottom, but the end A will be pointing 
uppermost, and the oil will pass out through the sand filter at the rate 
of about 50 cubic centimetres a day. The oilers hold nearly 34 litres 
of oil. 

To sink an oiler in a cesspool the following procedure is adopted. 
A nail is driven into the wall of the manhole just under the lid. The 
oiler is held with the spout B upwards and oil is poured into it by 
means of a funnel. When full it is allowed to rest horizontally on the 
ground with the spouts on top so that little or no oil is spilled. (Fig. 1.) 

The apparatus is raised by the wire and lowered gently into the 
cesspool until it touches the water. It remains horizontal until the 
water is reached, when it immediately assumes its vertical position as 
it sinks under the surface. (Fig. 2.) No oil will pass out until the 
air-bubbles coming out of the end A have ceased, when the exudation 
of oil begins. 
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The wire is payed out until the weight is felt to rest on the bottom 
of the cesspool ; it is then pulled up for about one foot and fastened to 
the nail. In this way the oiler will rest about eighteen inches from 
the bottom of the cesspool. (Fig. 3.) Two litres of oil are then 
thrown on to the surface of the water to kill the existing larvae, and 
the manhole door is closed. In the oil thrown on to the surface it 
has been found better to mix five per cent. of powdered resin, as this 
materially prevents evaporation. But resin must not be mixed with 
the oil inside the oiler, as it may clog the sand filter. 

The exudation of oil goes on at the rate of about 50 cubic 
centimetres a day for nearly two months. As oil comes out of 
spout A water enters the oiler through the spout B, and therefore it 
becomes heavier daily and consequently assumes a more horizontal 
position, until in about two months, when there is about three-quarters 
of a litre of oil left, the oil comes out of the spout B and the oiler is 
suddenly emptied of the mixture. (Fig. 4.) So that in the eighth 
week of the oiler’s existence in the cesspool there is a sudden and 
large ejection of oil on to the surface of the water. 

The reason we have designed this is that if the cesspool is a large 
one and the exudation of oil hardly sufficient, any larvae which may 
have evaded the oil towards the end of the two months will be 
destroyed. 

In ten weeks the oiler is removed and replaced by a new one. In 
Egypt the cost of each oiler complete without oil is sixpence. The 
apparatus has been given a fair trial, and has been found to be 
successful. It has saved a large amount of labour and oil, and will 
shortly be used extensively in Cairo and its suburbs. ‘ 
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THE ANATOMY OF THE PROBOSCIS 
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THE ANATOMY OF THE PROBOSCIS 
OF BITING FLIES 


BY 
J. W. W. STEPHENS, M.D. CANTAB. 
AND 


R. NEWSTEAD, A.LS., F.E.S. 
(Recetved May 71th, 1907) 


PART STOMOXYS (STABLE FLIES) 


As far as we are aware, there have been only two descriptions, in 
recent years at least, of the anatomy of the mouth parts of Szomoxys. 
The first, by Hansen,! is, as far as it goes, a good and accurate 
account, but it is incomplete in many respects, even in regard to 
important structures, which we should have thought it impossible to 
overlook. Moreover, sections were not cut by this author, and without 
these, it is, in our opinion, impossible to understand the relationship of 
the parts. The second description is by Giles.2. We feel bound to 
point out that this account is misleading and inaccurate; and that 
the same criticism is equally applicable to his description of 
Glossina ¢.) 


METHODS.—For section cutting we find that a combined celloidin- 
paraffin method gives the best result. In this way it is possible to get 
intact sections of the chitin, otherwise a difficult matter. Owing to 
the opacity of the proboscis, examination with high powers, of 
specimens mounted zz /o/o, is almost impossible; but the whole 
proboscis can be rapidly rendered transparent to any desired extent 
by bleaching in chlorine gas: the chitin not being at all affected. 


* Part I, Glossina (Tsetse-flies), was published in Memoir XVIII, 1906, Liverpool 
School of Tropical Medicine, 
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The material at our disposal having been fixed in alcohol has not 
been in a sufficiently good condition for an accurate study of the soft 
cellular structures of the labella, e.g., the nerves. We hope eventually 
to examine these structures in detail. 

The species examined by us has been Séomoxys calcitrans, Linn. 
(the common “ stable-fly ”), caught in England. 

The proboscis of Stomoxys (fig. 1), as in Glossina, consists of three 
parts: the lower lip or labium (c), the hypopharynx (6), and the upper 
lip or labrum-epipharynx (a). The actual length from the base of 
the bulb to the tip of the labella measures 2:1 mm.; the dimensions 
just behind the fork are 130 vertically and 150 w horizontally. 


THE LABIUM (fig. 1, c) is relatively stout and thick, with the basal 
portion swollen and gradually tapering towards both the proximal and 
distal extremities, but less so basally. Externally in its entire length, 
as far as the labella, the labium is transversely and regularly striated 
or latticed, so that the edges of preparations mounted entire appear 
faintly crenulated. Scattered over the labium are also a number of short 
fine hairs, set on transparent spherical areas; more numerous, 
however, on either side of the dorsal groove. Immediately behind 
the fork of the labella (fig. 5, ¢), and articulating with it, are two 
conspicuous ventral sclerities (fig. 5, f). 


LABELLA (General account). While the arrangements of the parts 
in the labium is easily understood, that of the labella presents, on the 
contrary, considerable difficulty, and we must consider the structures 
in detail. The labella are bilaterally symmetrical. They consist of 
an external and internal wall on either side (fig. 20), separated by 
soft tissues. The two halves are at first separate, near the base the 
sides join ventrally (figs. 21, 22), but remain open dorsally. When the 
labella are in the resting position, the internal walls consist of two 
strong chitinous plates (fig..20), which we may divide into a dorsal 
and ventral area. The dorsal half (& in all the figures) consists of a 
flat plate, which is the true plate of the labella, while the ventral half 
is highly specialized to form a series of teeth (7 in all the figures) and 
other structures, which we shall consider in detail later. If we place 
our two hands back to back, the fingers will represent the ventral half 
(the teeth, etc.), while the palms back to back represent the dorsal 
half. Further in the process of eversion the ventral half is capable 
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of being bent outwards and backwards. If we now flex the fingers 
this gives approximately the position that the ventral half of the plate 
(the teeth) takes when the proboscis is everted. 

The two bilateral inner walls are at first approximately parallel. 
If we now trace them backwards, we find that at first the inner 
walls approach one another ventrally so that they now enclose a 
somewhat V-shaped space (fig. 22). The dorsal half of the 
plate (£4) grows downwards at the expense of the ventral, so that 
in fig. 21 we have only a few remnants of the ventral half left 
(and here the two sides are united ventrally), and eventually these 
disappear, so that we have on either side what was the dorsal half 
now occupying the whole inner side (fig. 22, £). These two sides now 
become fused ventrally by a median structure (figs. 23, 24), the 
axial apophysis (g), which serves to bind them together. 

Dorsally the inner sides now become replaced by new structures 
appearing, viz., by two lateral chitinous rod-like sclerites, seen in cross- 
section in figs. 21-24, 7, and medially a structure (7!) appears which 
will form eventually the floor of the labial gutter when these two rods 
and the median piece fuse to form a single trough. 


LABIAL GUTTER (7, 7! in all the figs.). The commencement of the 
labium can be seen in a cleared proboscis as a transverse line stretching 
across (above) the middle of the axial apaphysis. In sections it appears 
at about the level of the tips of the fork as a’slightly hollowed-out free 
chitinous piece. About the same time appear, dorsal to it, two 
chitinous rods (7) seen in cross section in figs. 21-28. These rods 
are hooked at their edges, and to these edges are attached ligamentous 
tissues continuous with the chitin externally. At first there is only a 
fibrous junction with the ventral piece, which soon expands laterally 
and dorsally, and it is not till some way down that the fusion takes 
place and the canal assumes its complete shape. In the region of the 
base of the fork the canal has developed a ventral projection (fig. 28), 
and this goes on developing until the appearance of a row-lock is 
obtained, as seen in fig. 29, which again disappears in the bulb. 

The axial apophysis expands posteriorly into a rounded mass seen 
in fig. 25, and by this level the original lateral internal walls of the 
labella have completely disappeared, the hind portion of the apophysis 
(7) now lying free, imbedded in soft tissues. 
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THE AXIAL APOPHYSIS (¢ in all the figs.) is a somewhat pear- 
shaped median structure, the tip of which hes completely free between 
the two inner walls (fig. 22) ; its middle portion is, as we have just said, 
fused on either side to the inner wall. Posteriorly again it expands 
into a bilobed bulbous base which instead of being free is surrounded 
by soft tissues. It is, in fact, suspended by fibrous tissue to the under 
surface of the dorsal gutter (figs. 23-25). It often shews evidence of 
its bilateral origin in the existence of a median cleft (fig. 24) potential 
or actual. 


THE FORK (e in all the figs). When we have reached the free end 
of the axial apophysis there now appears on either side of it the tips of 
the fork cut in transverse section and attached to the tips, we see also 
the tendons (s in all the figs.) which pull on these tips (fig. 22). As we 
proceed basally we find these chitinous arms of the fork approaching 
one another ventrally (fig. 25), finally fusing, as shewn in fig. 26 
(also fig. 12, eversion). The base of this fork rests on two ventral 
sclerites (fig. 6, 7), and in transverse section still nearer the base the 
only internal chitinous structures are those forming the dorsal canal 
and the ventral sclerites. In this section (fig. 28) we see stretching 
from the canal to the ventral sclerites powerful muscles (s!), and 
laterally we see the tendons (s) cut across. We may note here, also, 
the incurving and thin character of the chitin of the lateral wall at 
this point. The ventral sclerites now decrease in size, the muscles are 
replaced by various other groups of muscles and the dorsal canal has 
practically assumed the shape it has for a great part of the rest of its 
course. 

By this time also the epipharynx has appeared, closing in the canal 
dorsally (fig 28, a). We may now consider some of these parts more 
in detail. 


THE EPIDERMIS forming the external walls of the labella (figs. 
2, 4, 5) presents a finely reticulated surface due to small polygonal 
squamae, which structure admits of considerable folding of the 
integument during the eversion of the labella (figs. 10-14). When 
the labella are closed, two deep oblique, bilateral folds are seen 
dorsally (fig. 4); the first (c#) commencing near the apex and 
terminating at or near the tips of the fork ; the second (c>) commencing 
behind the lateral group of hairs (vide znfra). Ventrally there are no 
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folds in front of the fork, but there is a deep oblique fold immediately 
behind it (fig. 5, c7). When the labella are everted (figs. 2, 3, 10, II, 
12, 14) the folds become very complicated and difficult of interpreta- 
tion, but there are three deep ones in front of the pulley. Dorsally, 
a little posterior to the point where the tip of the fork impinges 
against the inner surface of the external wall (fig. 14, ¢), a complete 
pocket or cu/-de-sac is formed (fig. 13). Ventrally there is also 
another deep fold which, when seen in transverse section (fig. 12, c’) 
appears as a projecting and slightly divergent arm. 


EXTERNAL Hairs. These occupy three principal areas :- 


(1) A ventral series (d@ in all the figs.) immediately within the 
thin flexible terminal flanges of the labella (figs. 2, 3, 5, 6, 9, &c.). There 
are from 15 to 16 of these on either side, three of which are much 
longer than the rest; all are stout, curved, rest on broad cylindrical 
bases, and are equidistant, with the exception of two or three, which 
give the otherwise complete line a somewhat irregular appearance. 
These hairs are easily traced in all preparations ; and during eversion 
they are directed backwards instead of forwards, forming an almost 
complete fringe below the teeth. Lying folded back on the proboscis 
the tips of the largest reach nearly as far backwards as the fork. 


(2) A dorsal bilateral row of five or six setae (@! in all the figs.). 
These are situated partly within the apical fold of the labella (fig. 4), 
and when the labella are everted they take a more or less transverse 
position, with the tips of either row overlapping or meeting along 
the median line of the groove of the labella, forming a ladder-like 
arrangement (figs. 2, 14). These hairs can be seen only in preparations 
that have been thoroughly bleached. 


(3) A lateral group of minute hairs (@? in all the figs.). These 
lie immediately behind the tip of the fork when the labella are 
everted (figs. 2, 14), occupying a sub-dorsal position; but when the 
labella are closed, this group takes a more lateral position (figs. 4, 6) 
in the region opposite the sclerites which form the walls of the dorsal 
canal of the labium. The individual hairs are extremely minute (the 
length less than the width of the clear area in which they are placed) 
and difficult to see ; each one is placed in the centre of a large, clear 
circular or “gland-like” area, which is well marked off from the 
surrounding chitin, and thereby rendered conspicuous. 
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VENTRAL FLANGES OR LIPS OF THE LABELLA (c? in all the 
figs.). These are extremely thin and flexible but are strengthened by 
several rows of strongly chitinised scales, of which the external row is 
much the larger. When the labella are closed these flanges or lips 
meet together and completely enclose the internal mouth-parts 
(fig. 19); but when eversion takes place they occupy a dorso-lateral 
position, and the edges are then projected upwards and dorsalwards 
(figs. 2, 3, 10, I1), resting practically on the sub-lying chitin of the 
external wall. 


THE FORK (¢ in all the figs.). A proboscis mounted in the 
dorso-ventral position, as in fig. 5, shows at the base of the cleft a 
solid chitinous median structure, the axial apophysis (7), and some way 
behind this a U-shaped piece of chitin, the fork, with its concavity 
opening forward. With this, are seen articulating two lateral sclerites 
(figs. 5, 6, e!) and posteriorly two ventral sclerites (figs. 5, 6, 7). The 
joint between the base of the fork and these ventral sclerites is 
fringed with rows of hairs (fig. 6, 7*). io 

Apically the fork, which is, as we shall see, an internal structure, 
is prolonged as two flanges (fig. 5), which are continuous with the 
external chitin. Laterally the fork articulates with the two lateral 
sclerites, as shown in section in fig. 25, e!. These lateral sclerites are 
directly continuous (fused) with the chitinous integument, so that by 
this connection, and by means of the direct continuity at its tips, the 
fork is enabled to produce eversion of the labella when acted upon 
by the powerful muscles of the bulb. Stretching across between 
the arms of the fork is a band of fibrous tissue (fig. 25). This 
is first seen when the hind end of the axial apophysis disappears. This 
band serves to strengthen the arms of the fork, and by its attachments 
to the fibrous tissue in which the peg lies must exercise traction on the 
peg itself when the fork takes the vertical position. In the everted 
position of the labella we see that we lose this appearance of a fork, 
and this organ is seen stretching across almost as a band (fig. 3,e). 
This change of position, we shall see, is produced by the tips moving 
dorsally and posteriorly (backwards), so that now in a transverse 
section the fork is cut along its length (fig. 12) instead of being cut 
transversely (figs. 21, 22). In cleared specimens also the tendons can 
be seen (fig. 6s), which are attached to the fork at its tips (fig. 3, 5). 
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INTERNAL ORGANS OF THE LABELLA 
These consist of seven different organs and are _ bilaterally 
symmetrical (fig. 8). 


(1) THE TEETH (j in all the figs.). There are five of these and a 
small accessory or rudimentary one. They are relatively very large, 
the length of an individual tooth being equal to about one-fourth the 
entire depth of the labellum. They are articulated to an extremely 
flexible, narrow plate, which is in turn articulated to the true plate of 
the labellum. The first (proximal) and second tooth have each a 
strong lateral process (tooth) on the lateral proximal margin, 
and the tips of each are serrated on _ both sides; _ the 
three succeeding teeth are similar in structure, but the lateral 
deep dentitions are now on _ the opposite sides. In the 
everted position the teeth are freely exposed, widely divergent, and 
project at nght angles and even backwards and dorsalwards. It is 
evident from their position and extent of motion that they act as the 
chief and, in fact, the only cutting organs of the proboscis. 


(2) THE PETIOLATED BLADES (/ in all the figs.). These are 
long, curved, blade-like organs covered with minute hairs on the 
ventral concave surface. All are attached to long and extremely 
slender stalks arising from strongly chitinised projections of the 
narrow tooth plate. They are grouped in the following order :—At 
the proximal extremity, exterior to the tooth, are two groups ; the first 
consists of two or three very small blades attached to a relatively 


strong branched stalk; the second group consists of seven or eight 


blades, some of which are scarcely larger than those of the first set ; 
the main stem in also stout, but the lateral stalks carrying the blades 
are extremely slender. Between each tooth is a set of four blades 
arranged in two pairs, the blades of each pair being widely separated, 
so that they resemble, somewhat, the arms of a lyre; the blades 
partly overlap, but the tips of the lower pair extend considerably 
beyond the upper pair, and when the labella are closed they reach as 
far as the basal row of external squamae forming the extreme edge of 
the labella (fig. 10, in dotted lines). Anterior to the last (fifth) tooth 
are three more sets of blades; the first set (between the fifth and the 
accessory tooth) consists of six or seven blades; the second of a 
similar number, and the third of four or five, of which three resemble 
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those carried on the first proximal stalk. The stalk to which the 
blades are attached, more especially those between the teeth, are, as 
we have already stated, extremely slender. They are, in fact, scarcely 
thicker than the fine marginal hairs of the labella, are filamentous in 
character, and in stained preparations present a well-marked granular 
appearance. The relative position of these organs in the everted 
sections may be seen in figs. 2, 3, 10, II. 


(3) ROD-LIKE HAIRS (m in all the figs.). These are dark in 
colour, in fact almost black; they are long, more or less curved, 
bluntly rounded at the tips, and apparently grooved on one side. 
They are articulated to strong cylindrical bases similar to those of the 
ventral external hairs, are fixed in a semi-erect position, and are 
arranged in the following order:—-One opposite the tip of the first 
(proximal) tooth, a pair opposite each of the second, third, fourth and 
fifth tooth, and one opposite the accessory tooth, making ten in all. 
As these organs are inserted on nucleated cells they are probably 
sensory in function. The position of these organs, when the labella 
are everted, is shown in figs. 2, 3, 10, IT. 


(4) THE OPERCULATE HAIRS (x in all the figs.). These are 
minute cylindrical organs with suddenly truncate extremities, from 
the edge of which there arises a flat oval-shaped lid or flap, which 
stands out an angle of 45° or more from the margin. There are 
five of these curious organs, one opposite the tip of each of the five 
large teeth; they form a regular curved line and are fixed to the 
integument about mid-way between the ends of the teeth and the tips 
of the petiolated blades. The position of these organs in the everted 
labella is shown in fig. II. 


(5) BIFURCATED HAIRS (o in all the figs.). | These are rather 
long, swollen basally, and divided a little beyond the middle, the 
branched portions being extremely slender. They form six well- 
marked and almost continuous groups, slightly in advance of the 
operculate hairs, each group having a tendency to arrange itself into 
rows (fig. 8). They occupy a lateral position in the everted sections 
(figs. 10, 11), just below the ventral flange of the labella. 


(6) THE ANTERIOR DORSAL FRINGE OF HAIRs (9 in all the figs.). 
These hairs clothe the whole of the extreme anterior dorsal margin 
of the labellum (fig. 8). This fringe is broad basaily, but gradually 
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narrows as it approaches the ventral margin. In everted sections 
(figs. 10, 11) these hairs project dorsally into a pseudo-cavity formed 
by the over-arching wall of the epidermis; and when thus in 
apposition they shut off the cavity of the labial trough. 


(7) PROXIMAL FRINGE OF HAIRs (f! in all the figs.). These 
are similar to the former, but occupy a relatively small space on the 
proximal margin. 


LABRUM (figs. 14-19) 


This commences immediately behind the fork. Dorsally and 
laterally for its whole length it is covered with spinose hairs directed 
apically. At the apex itself (fig. 16) the hairs are replaced by scales. 
Near the tip, the labrum has ventrally a ridge or chitinous band 
extending across it (fig. 19), on which are situated four hairs evidently 
sensory in function, as nerve endings can be traced into them. 
Behind this point the sides widen slightly and along the interior are 
here arranged in rows, a series of hairs (a?) on tubercles. 

The labrum is at first concavo-convex in section, the convexity 
near the tip forming a kind of ridge (fig. 17). A little further down 
it has the appearance of an U fitted into a V (fig. 18). In the cavity 
between the two there appear early soft structures which later become 
developed into well-marked muscular bands connecting the lateral 
walls of the labrum (figs. 29, 30, s+). The sides of the labrum 
become soon expanded into lateral flaps, which serve the purpose of 
keeping the hypopharynx in its place, the flaps fitting on to the 
expanded sides of the latter (figs. 29, 30). Eventually the ventral 
wall of the labrum becomes closed ventrally, forming now a 
chitinous tube, while the dorsal wall becomes fused and lost in the 
substance of the bulb (fig. 31). 


THE HYPOPHARYNX (2 in all the figs.) 


This organ commences at about the same point as the labrum. 

It is a much smaller and weaker tube. At the extreme tip it appears 

to be membranous in character and to retain no very definite 

constant shape in preserved material. (We would suggest that this 

flaccid condition of the extreme tip is to prevent ingress of fluid, e.g., 

blood during feeding, while permitting freely of egress of saliva.) It 
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occupies the dorsal gutter of the labium, and is kept in this position 
by the pressure of the lateral arms of the labrum which stretch over 
on either side for a short distance (figs. 29, 30). 

In section near the tip it appears as a chitinous hoop, forming a 
circle complete for about seven-eighths of its circumference. At first 
the hoop has near the apex on each side a little tubercle, and stretching 
across between these tubercles is a thinner chitinous membrane 
completing the tube dorsally. As we get nearer the base there is a 
distinct separation in the walls of the chitinous ring in the position 
where the tubercles first appear, so that a cavity now exists in the 
sides (fig. 29). This goes on increasing till eventually we have the 
chitinous circular inner tube lying within a sausage-shaped outer 
covering, forming a projecting angle on either side (fig. 30, 0). 

At its base the ventral wall of the hypopharynx becomes fused 
with the bottom of the labial gutter. The beginning of this is shown 
in fig. 30. This proceeds until the process is complete on either side. 
The fused wall is then absorbed, and thus permits of the inner 
(hypopharyngeal) tube escaping through ventrally. At the same time 
the dorsal wall of the hypopharynx becomes fused with the ventral 
half of the epipharynx, forming now the pharyngeal tube (fig. 31), 
while the dorsal half of the epipharynx fuses latérally with the sides 
of the labium, so that the whole of the epipharynx and hypopharynx, 
with the exception of the dorsal wall of the former, have now become 
internal structures. 


MUSCULAR SYSTEM (s, s1-s° in all the figs.) 


In dissecting the proboscis it is often possible to separate out 
two large separate masses of muscle which terminate in tendons (s). 
These latter are attached to the tip of the pulley and are seen in all 
the sections behind this plane until we reach the bulbous portion of 
the proboscis. Here the tendons give place to the muscles from which 
they arise, which consist of two masses filling posteriorly practically 
the whole of the ventral portion of the bulb. These muscles we inay 
describe as the longitudinal muscles. Besides, we have on either side 
of the median limb of the labial gutter a group of oblique muscles (s*) 
forming a broad band, arising from the chitinous integument and 
inserted into the median limb (fig. 29). Dorsal to this group, and 
separated from it by the tendon, there is a second oblique group (s?) 
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converging from the outer wall to the base of the gutter. Both these 
groups can be traced as far forwards as about the base of the ventral 
sclerites. Anterior to this point we have a well-developed band of 
dorso-lateral muscles stretching from the canal dorsally to the ventral 
sclerites ventrally (fig. 28, s*). 


MUSCLES OF THE LABRUM. We have also sub-median muscles 
present in the cavity of the labrum stretching from the outer to the 
inner walls (figs. 29, 30, s*). 

INTERNAL LAMINAE (fig. 28, 5°). In sections in the labella 
region, where the dorsal fold is well marked, there appear beneath the 
fold of the integument peculiar yellowish or brownish granular bands, 
of irregular appearance following the outline of the integument. They 
often show little irregular lateral projections. They represent transverse 
sections of plates. They are seen in sections as far as the ventral 
sclerites. They are, moreover, very well developed also in the cavity 
of the labrum in its basal portion. We are unable to suggest what 
may be the function of these bodies. 


MECHANISM OF THE PROBOSCIS 


With regard to the mode of action of these muscles, we consider 
that the function of the longitudinal group is to erect the fork and, 
by so doing, to produce by the traction on the external chitinous wall, 
eversion of the labella and a resulting spread-out condition of the 
teeth. 

The oblique muscles’ function is, we believe, to produce a semi- 
rotatory movement of the proboscis? (and labella), so that the teeth 
are enabled to exert a cutting action on the skin, the motion being a 
to and fro one. ' 

The cutting weapon of the proboscis is undoubtedly the teeth. 
These are capable of a variable extent of eversion, and while they are 


in action the other structures anterior to them, petiolated blades, 
rod-like hairs, etc., are folded back in a plane below the actual tips of 


the teeth, and so escape damage. 

The tip of the proboscis then can only cut in the everted position. 
We have in this condition of everted teeth an admirable weapon for 
boring a hole into the skin. The arrangement of a carpenter's augur 
with its cutting flanges on either side is almost an exact parallel, though 
the motion here is a continuous rotatory one, and not a to and fro 
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one as in the case of the fly. A study of the motion of proboscides in 
decapitated flies shows what an extremely flexible and mobile organ 
the tip of the proboscis (labella) is.. It is capable of extensive rotation, 
so much so that the dorsal and ventral positions can almost be 
reversed. There is, of course, just as in Glossina, no motion possible 
of individual parts along the long axis, owing to the fusion of 
all parts at the base. A close examination of the labium during life 
will, however, show that its sides are to some extent flexible, being 
pulled on by the various muscles attached along its length. 


LITERATURE 


1. AUSTEN, E. E. Monograph of the Tsetse flies, pp. 105-120, Plates 8, 9, 1903. 

2. GrLeEs, Lieut.-Colonel, I.M.S. (retired). The Anatomy of the Biting Flies of 
the Genus Stomoxys and Glossina. Journal of Tropical Medicine, April 2, 
p. 99; May 15, p. 153; June 1, p. 169; June 15, p. 182; July 2, p. 198; 
July 16, p. 217; August 1, p. 235, 1906. 

NEWSTEAD, R. On the Life History of Stomoxys calcitrans. Annals of 
Tropical Medicine and Parasitology, Vol. I, pp. 78, 79, 1907. 


3: 


"4 
rx 
ad 
t 
i 
' 


EXPLANATION OF REFERENCE LETTERS 


EXTERNAL ORGANS. 


Labrum-epipharynx. 


Ventral ridge of labrum 
bearing sensory hairs. 


Lateral ventral hairs to 
labrum. 


Apical scales to labrum. 
Dorsal hairs to labrum. 
Hypopharynx. 

-Labium. 

-Labella. 

Ventral flange or lip of labella. 
E-pidermis of labella. 


First dorsal groove in epi- 
dermis of labella. 


-~Second dorsal groove in epi- 
dermis of labella. 


~-Third dorsal groove in epi- 
dermis of labella (produced 
in eversion). 
-Ventral groove in epidermis 
of labella. 
Fold forming cul-de-sac. 
Fold behind fork. 


Ventral external hairs. 


‘Dorsal external hairs. 
Lateral group of external 
hairs. 
——Fork. ' 


-_-Lateral sclerite to fork. 
Ventral sclerites. 


—-Hairs at apex of ventral 
sclerites. 
-Palpi. 


Apodeme of labrum. 
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INTERNAL ORGANS. 


—~Tracheal sac. 
-~Tracheal tube. 


~The teeth. 
~Accessory tooth. 
-~Tooth plate. 
-Petiolated blades. 
-Rod-like hairs. 
Operculate hairs. 
Bifurcated hairs. 
Anterior fringe of hairs. 
Proximal fringe of hairs. 
The axial apophysis. 
—Dorsal hooked sclerites form- 


ing upper portion of the 
labial gutter. 


-Sclerite forming base of labial 
gutter. 
-~Tendon. 
-~Dorso-ventral muscles. 


-—Median oblique muscles. 


‘Ventral oblique muscles. 


Transverse muscles in cavity 
of labrum. 


Internal lamina. 
Chitin cells. 
Interlocking spines. 
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EXPLANATION OF PLATE XII 


Fig. 1.—External mouth parts of Stomoxys calci/rans seen from the 
side, x 30, about. a, labrum; a!, ventral ridge of labrum 
bearing sensory hairs; a+, dorsal hairs; 6, hypopharynx ; 
c, labium; c!, labella; g, palpi; 7, apodeme of labrum ; 
2, large tracheal tube or sac. 


Fig. 2.—Labella everted, dorsal aspect. The left half shows the 
characteristic scale-like structure of the epidermis. — x 200. 


Fig. 3._-Labella everted, ventral aspect. Details of epidermis omitted. 
x 200. 


Fig. 4._-Labella closed, dorsal aspect. x 200. 


Fig. 5..—Labella closed, ventral aspect. x 200. 
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EXPLANATION OF PLATE XIII 


Fig. 6.--Plan of labella (closed) as seen from the side, showing the 
relative position of the internal and external organs. x 200. 


Fig. 7.-Internal organs of right labellum and distal portion of labial 
trough (7, 7!) as seen in optical section after dissection. 
x 250, about. 


Fig. 8.—The same x 600, about. Sclerites forming labial trough 
omitted. 


Fig. g.--Ventral external fringe or lip of the labella (left half) x 570. 
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EXPLANATION OF PLATE XIV 


Fig. 10.—Section through everted labella in the plane where the tip 
of the axial apophysis (¢) first appears. The approximate 
extent of the petiolated blades is shown in dotted lines. 
x 570. 


Fig. 11... Section through everted labella in the plane where the base 
of the axial apophysis (7) becomes fused to the tooth-plate 
(&) and where the labial gutter (7") and the dorsal hooked 
sclerites (7) first appear. x 570. 
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EXPLANATION OF PLATE XV 


lig. 12.--Section through everted labella in the plane of the fork (e) 


Fig. 


Fig. 


13. 


14. 


1S. 
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. 19.— 


where the dorsal and ventral folds of the epidermis (c*-c*) 
are well marked. In the next proximal section the tips of 
the fork are seen to extend into the angle of the third 
fold (c®), here indicated by dotted lines. Note that the 
tooth plate has entirely disappeared and the labial gutter 
(7, r') is now well formed, though the upper sclerites are 
still free. The approximate plane of this section is between 
and ein fig. 14. 570. 


Pocket formed by the infolding of the epidermis in the 
plane near @? in fig. 14. Here the upper sclerites (7) of 
the labial gutter have become fused with the lower (7!). 


x 570. 

Dorsal aspect of everted labella and distal portion of labium, 
from a well cleared preparation. Compare this with fig. 2, 
which was drawn from a preparation which had not been 
sufficiently cleared. 


Distal portion of labrum. x 200. 


-Extreme tip of same showing the scaly dorsal structure. 


x 570. 


Section through tip of labrum. x 570. 


Section of labrum through the plane just in front of the 


ventral thickening (fig. 15, a!) carrying minute hairs. 
x 750. 


Section of labrum through ventral thickening (fig. 15, @*) 
showing minute hairs. _ x 750. 
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EXPLANATION OF PLATE XVI 


Fig. 20..-Transverse section through the tip of the closed labella 
x 600. 


Fig. 21.~-Section through the closed labella at the plane where the 
teeth (7) have almost disappeared, and where the sclerite 


forming the labial gutter (7!) and the tips of the fork (e) 
first appear. x 750. 
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EXPLANATION OF PLATE XVII 


Fig. 22... Section through the closed labella in the plane where the 
free end of the axial apophysis (¢) first appears. _In this 
section the teeth have disappeared and the labella is 
closed ventrally. x 750. 


F ig. 23._Section showing the fusion of the axial apophysis (¢) with 
the tooth plate (£). x 750. 


Fig. 24..-Another phase of the same. x 750. 


Fig. 25.Section through the closed labella in the plane at the base 
of the axial apophysis (g). Here the tooth plate has 
entirely disappeared ; the arms of the fork are seen con- 
verging, and stretching from tip to tip is a_ broad 
membrane ; here also are seen’the lateral sclerities of the 
fork (e!) articulating with that organ. x 750. 
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EXPLANATION OF PLATE XVIII 


Fig. 26.— Section through closed labella at the junction of the fork (e) 
with the ventral sclerities (f). x 750. 


Fig. 27.--Section through the labium in the plane where the ventral 
2/ P 
sclerites (/) first appear. The fine hairs at the apex of 
these organs are here shown. x 750. 


Fig. 28. Section through the labium at the plane where the labrum 
(a) first appears. Here muscular bands stretch across from 
the ventral sclerites to the walls of the labial gutter. x 150. 
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EXPLANATION OF PLATE XIX 


Fig. 29.--Section approximately through the middle plane of the 


proboscis, in which are seen the labrum (a), the 
hypopharynx (4) completely closed and interlocked with the 
labium. Here also the row-lock like appearance of the 
labial gutter is well shown and the rod-like sclerites 
have completely disappeared. x 750. 


Fig. 30.—-Section through the bulb of the proboscis. Here the 


hypopharynx is seen fusing with the walls of the labial 
gutter; and the large air sacs (2) have taken the place of 
the tracheal tubes (fig. 29, z!, etc.). x 750. 


Fig. 31.—-Section through the base of the bulbous portion of the 


proboscis, including the apodemes (/) of the labrum. Here 
the dorsal wall of the hypopharynx has become fused with 
the labrum, forming the pharyngeal tube. x 200. 
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I. ATTEMPTS TO TRANSMIT TRYPANOSOMES BY 
TSETSE FLIES 


In a short series of experiments done in the Gambia in 1902-3,! 
we failed to infect animals with JZ7rypanosoma gambiense or 
dimorphon by the bites of captive flies (Glosstna palpalis and 
Stomoxys (see 1, page 40), which were either freshly caught or had 
been fed previously on an infected animal. The members of the 
Royal Society's Commission on Sleeping Sickness in Uganda have 
since succeeded, however, in infecting healthy animals’ with 
lrypanosoma gambiense by the bites of flies (Glossina palpalis) fed, 
at the most, 48 hours previously on an infected animal (2, page 61). 
As a result of this work it has again been maintained ('* !7 and 
others) that the tsetse fly is merely a mechanical transmitter of 
trypanosomes, and is not an alternative host in which the parasite 
undergoes definite developmental processes.* 


* This suggestion first emanated from Bruce, but he also considered the 
possibility of there being a developmental process of the trypanosome (7'rypfanosoma 
brucet) in the tsetse fly (Glossina morsttans) (14, page 4). 
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When our expedition reached the Congo, sleeping sickness was 
endemic, and the existing conditions were much the same as in 
Uganda. We therefore determined to repeat the work done there, 
with the primary object of ascertaining the longest period after feeding 
on an infected animal at which a tsetse fly, by its bite, is capable of 
transmitting trypanosomes to a healthy animal. It must _ be 
remembered that, like Bruce, we worked with adult flies caught in the 
bush and that our experimental animals were only partially protected 
from the chance bites of insects. 

The conditions of our experiments were therefore imperfect. The 
flies used should have been raised in the laboratory from the larvae 
of known parents. Wild flies, caught when adult in an area where 
trypanosomiasis is endemic, may have fed when free on infected 
animals ; it is only in flies bred in the laboratory that the dates of all 
infecting feeds can be accurately known. It is possible that the 
progeny of infected tsetse flies are capable, or are alone capable,? of 
transmitting the trypanosomes; these points can only be decided by 
experiments made with laboratory-bred flies.* 

We do not think that the danger of chance infection of laboratory 
animals, only partially protected from the bites of insects, is so great 
as might be imagined. None of our large stock of rabbits, guinea- 
pigs, rats and monkeys were ever found to have been so infected during 
33 months spent on the Gambia and on the Congo. 


In the Congo two main series of experiments were made with 
tsetse flies, one at Leopoldville and the other at Kasongo. A small 
“ River series” of experiments (Experiments 128, 128a, 129 and part 
of 211) was done with flies caught along the Congo between Leopold- 
ville and Coquilhatville.t 

At Leopoldville it was very difficult to obtain monkeys and we 
were forced to use guinea-pigs and rats in some of the experiments, 
although they are, as a rule, rather less susceptible to 77ypanosma 
gambiense? 


* As is suggested by our notes on the bionomics of captive tsetse-flies (5), it is 
difficult to breed them. Less than half a dozen of the pupae obtained from the 
ne used in our experiments in the Congo developed in the laboratory into adult 

ies. 

+ kor maps illustrating the area traversed by the Expedition and showing the 
distribution of Sleeping Sickness in the Congo Free State, see Memoir XVIII of the 
Liverpool School of Tropical Medicine, and (5). 
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In the Gambia we used small gauze cages and found it difficult to 
keep tsetse flies (Glossina palpalis) alive for more than a few days 
in captivity. At Leopoldville we attempted to keep them longer by 
more nearly reproducing their natural habitat in their cages. Cubical 
gauze cages, measuring 18 inches along each side and containing water 
and growing grass, were placed in a sheltered position out of doors. 
At first the experimental animals were simply turned loose in these 
cages, but the flies were found to feed much better on them if they 
were immobilized. Under these circumstances flies often lived in 
captivity for a couple of months. The method, however, had distinct 
disadvantages: it was difficult to feed the flies on large animals and, 
because of the size and contents of the cages, it was almost impossible 
to count the number of living flies they contained. For this reason, 
in the experiments done at Kasongo the smaller cages were again 
employed. 

Flies were fed on the experimental animals daily. 

As a‘rule, hosts, animals or men, whose blood gontained many 
trypanosomes were chosen for the infecting feeds. In the latter 
experiments done at Kasongo, when it was found that so few of the 
previous experiments had been successful, the flies were fed on 
advanced cases of sleeping sickness, in whose blood there were very 
few or frequently no parasites, in order that flies should be 
experimented with which had fed on persons at each stage of the 
disease. The infecting hosts have been further described in the 
reports of the successful experiments. 

No conclusions concerning the infectivity of the parasites at various 
stages of the disease can be drawn from an examination of the 
infecting feeds given to flies used in successful experiments, because 
other animals remained uninfected after having been fed upon by the 
same flies under identical conditions. 

So far as the conditions permitted, the flies were used for several 
of the experiments. For example, many of the flies used in 
Experiment 48 (To infect a healthy animal by the bites of tsetse 
flies fed twelve, or more, hours previously on an animal infected with 
Trypanosoma gambiense) had been used before in other experiments, 
and many of them had therefore fed several times, but more than 
12 hours previously, on infected animals. As far as we know, only 
Glossina palpalis was used in the experiments made at Leopoldville. 


| 

| 

{ 

4 

| 
3 g 
| 
4 


204 


At Kasongo about a score of G/osstna fusca in all were caught. Most 
of them were allowed to remain in the cages. Where it is necessary 
experuments on which they fed are specified. Rare examples of 
Glossina pallidipes or Glossina maculata may have been present, 
undetected in the cages, at both localities.* 


At Leopoldville 7rypanosoma gambiense was alone used; at 
Kasongo /rypanosoma dimor phon was also experimented with. 


I. FRESHLY-CAUGHT FLIES 


To infect susceptible animals by the bites of Glossina caught in 
localities where trypanosomiasis is endemic. 


There was a great deal of sleeping sickness in the areas where 
the flies were caught at both Leopoldville and Kasongo. Because of 
the larger local population, the chances that a newly-caught fly had 
previously fed on a person infected with trypanosomes were rather 
greater at Leopoldville. The flies fed at Mswata and Coquilhatville 
on Experiments 128, 128a, 129, 141 and 211 were caught in very 
restricted areas where there were many people, the great majority of 
whom were infected with Trypanosoma gambiense. At both 
Leopoldville and Kasongo trypanosomiasis of animals was far from 
rare. Because of the presence of a herd of 280 cattle (about 5 per 
cent. infected) and of considerable game at Kasongo, the chances 
that a fly caught there had previously fed on an infected animal were 
much greater than at Leopoldville. 


LEOPOLDVILLE. 

EXPERIMENT 45.—Guinea-pig. From December 8, 1903, to April 13, 1904, 457 
flies were fed. The animal’s blood was examined regularly until October, 1904 ;+ 
trypanosomes were never seen. It died on October 28, 1905, from other causes. 
No trypanosomes or signs of trypanosomiasis were seen at the autopsy. { 


* See (5) page 03. 

+ As a routine, the blood in all these experiments was examined, asa rule, two 
or three times a week, fresh in 34-inch square coverslip preparations. In addition, 
the blood of each animal was occasionally centrifugalised (6). 


t Although it is not always mentioned, in the following experiments an autopsy 
was done in every case seen within a few hours or minutes of the animal’s death, 
and fresh preparations of body fluids and of organ juices were always examined. 
By “signs of trypanosomiasis’? are meant in particular, enlarged spleen and 
enlarged, often much congested or haemorrhagic, lymphatic glands. 
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EXPERIMENT 46.—Guinea-pig. From December 8, 1903, to June 9, 1904, 552 
flies were fed. The animal’s blood was examined regularly until October, 1904 ; 
it died on June 3, 1905, of pneumonia. No trypanosomes or signs of trypano- 
somiasis were seen at the autopsy. 


RIVER SERIES. 


EXPERIMENT 128a.—Monkey (Cercopithecus schmidti).* On June 24, 25, 26, 
1904, 25 flies caught at Mswata were fed on this animal. Its blood was examined 
regularly until September, 1904, when it died of dysentery ; trypanosomes were not 
seen (malaria present). 


EXPERIMENT 129.—Monkey (Cercopithecus schmidti). rom June 27 to July 7, 
1904, 262 flies caught at Mswata and at the sleeping sickness hospital at Coquilhat- 
ville were fed on this animal. Its blood was regularly examined, but trypanosomes 
were never seen ; its temperature was always normal. It died (cause ?) on July 9g, 
1904 ; no trypanosomes or signs of trypanosomiasis were seen at an autopsy done 
four hours after death, and a rat sub-inoculated with its blood never became 


infected. 


EXPERIMENT 141.—Monkey (Cercopithecus schmidti). Y¥rom July 15 to July 17, 
1905, §2 flies collected at the Coquilhatville sleeping sickness hospital fed on this 
animal. Its blood was regularly examined until October 14, 1905, when it was 
stolen. ‘Trypanosomes were never seen in its blood, and its temperature was never 
abnormal. 


KASONGO. 

EXPERIMENT 182.—Monkey (Cercopithecus schmidti). From January 1g to 
lebruary 7, 1g05, 211 flies fed on this animal. Its blood was frequently examined 
until July 24, 1905, when it was accidentally killed. No trypanosomes were ever 
seen (malaria present) during life, and no trypanosomes or signs of trypanosomiasis 
were present at the autopsy done three hours after death. 


EXPERIMENT 198.—Monkey (Cercopithecus schmidtt). ¥rom February 8 to April 
18, 1905, 2,059 flies fed on this animal. Trypanosomes, probably 7 7ypanosoma 
gambiense, were first seen in its blood on May 13, 1g05. It gradually lost weight 
and died of the disease in November, 1905. In March, two Glosstnae fuscae fed 
on this animal. 


EXPERIMENT 203.—Monkey (Cercopithecus schmidti). From February 22 to 
March 15, 1905, 1,789 flies fed on this animal. It was accidentally killed on March 
10. Its blood was regularly examined ; no trypanosomes were seen during life or 
at the autopsy. 


IXPERIMENT 213.—Monkey (Cercopithecus schmidti). From March 20 to April 
20, 1905, 717 flies were fed. The blood was carefully examined up to July 5, when 
the animal was killed by its cage companions. No trypanosomes were seen during 
life or at the autopsy ; nor were there any signs of trypanosomiasis. Two puppies 
sub-inoculated at the autopsy with respectively 3 and 5c.cm. of blood never 
became infected. 


*Kach species of monkey used in these experiments has been shown to be 
easily infected by Z'rypanosoma gambiense by the inoculation of blood or cerebro- 
spinal fluid from sleeping sickness patients. 


Successful 
Experiment 
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II. INTERRUPTED FEEDING 


To infect susceptible animals with Trypanosoma gambiense 
by the bites of tsetse flies fed immediately previously on an infected animal 
oy man. 


LEOPOLDVILLE. 


Successful EXPERIMENT 63.—Guinea-pig. This animal was immobilized and_ placed 

Experiment together with an infected guinea-pig in a cage containing tsetse-flies. From 
December 24, 1903, to January 15, 1904, 219 flies fed on one or both animals. 
Trypanosomes appeared in the blood of this animal on January 15, 1904, and it 
died of the disease (and other complications) on March 16, 1904. The morphology 
and animal reactions of the parasites agreed with 7 rypanosoma gambiense. 

The flies used in this experiment were infected by feeding on guinea-pigs 
inoculated directly from an early case of trypanosomiasis. Trypanosomes were 
very numerous in their peripheral blood, and they had been infected for about 
two months. 

EXPERIMENT 76.—Monkey (Colodbus satanas). Flies in a small cage were 
allowed to partially fill themselves with blood from a ‘‘ sleeping sickness ”’ patient, 
and were then permitted to finish their feed on this monkey. From January 2 to 
April 12, 1904, when the monkey died of sunstroke, 147 flies were fed in this 
manner. Trypanosomes were never seen in the monkey’s blood and its temperature 
remained normal. 

EXPERIMENT 87.—Guinea-pig. As in Experiment 63, this animal was placed 
with an infected one in a cage containing tsetse-flies. From January 23 to March 
8, 1904, 372 flies were fed. Its blood was examined regularly until June 7, and 
from then at intervals until it died of exposure in October, 1905. Trypanosomes 
were never seen ; there were no signs of trypanosomiasis at the autopsy. 


KASONGO. 


EXPERIMENT 209.—Monkey (Cercopithecus schmidti). From March 3 to April 
18, 1905, 183 flies completely filled themselves with blood from this animal after 
having commenced immediately previously to feed on an infected animal. Its 
blood was examined daily, but trypanosomes were never seen. The animal died 
on April 24 (cause, ? starvation). No trypanosomes or signs of trypanosomiasis 
were seen at the autopsy done immediately after death. 


III. THREE TO FIVE HOURS INTERVAL 


To infect a susceptible animal with Trypanosoma gambiense by 
the bites of tsetse flies fed from 3 to 5 hours previously on an infected 
anmual, 

Very few flies were used in these experiments, since it was 
exceedingly difficult to get them to feed at such a short interval. 


EXPERIMENT 205.—Monkey (Cercopithecus schmidti). From February 24 to 
March 10, 1905, 44 flies were fed. Blood was examined for trypanosomes without 
result (malaria present) until the animal died of dysentery on April 17. No 
trypanosomes or signs of trypanosomiasis were seen at the autopsy. 
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EXPERIMENT 231.—Monkey (Cercopithecus schmidti). On April 24, 25, 26, 1905, 
22 flies were fed. The blood was regularly examined up to November, 1905. 
Trypanosomes were never seen. The animal died of dysentery on February 21, 
1906 ; no trypanosomes or signs of trypanosomiasis were seen at the autopsy. 


IV. EIGHT TO TWELVE HOURS INTERVAL 


To infect a susceptible animal with trypanosomes by the bites of tsetse 
flies fed at least 8 to 12 hours previously on an infected man or animal. 


LEOPOLDVILLE. 
Trypanosoma gambtense 


EXPERIMENT 88.—Monkey (Cercopithecus schmidti). From January 27 to May 
28, 1904, 634 flies, previously fed on a sleeping sickness patient, fed on this animal. 
Its blood was examined frequently until March 15, 1904, and then at intervals 
until it was killed by rats on March 30, 1905. Its temperature was always normal 
and trypanosomes were never seen in its blood. 


RIVER SERIES. 


EXPERIMENT 128. Monkey (Cercopithecus schmidti). From June 24 to July 2a, 
1904, 87 flies, previously fed on a monkey infected with Zrypanosoma gambiense, 
were allowed to feed on this animal. Its blood was examined at intervals until 
September 28, 1904; trypanosomes were never seen. The temperature-chart was 
not characteristic of trypanosomiasis (malaria present). 


KASONGO. | 
(a) Lrypanosoma gambiense 


EXPERIMENT 187.—Monkey (Cercopithecus sp. ?). From January 28 to April ro, 
1905, 939 flies, previously fed on a sleeping sickness patient, fed on this anjmal. 
Its blood was examined almost daily until May 5, 1905, when it was stolen ; 
trypanosomes were never seen. 

EXPERIMENT 197. Monkey (Cercopithecus mona). From February g to April 
20, 1905, 943 flies, previously fed on infected guinea-pigs, were fed on this animal. 
Its blood was examined regularly until it died on July 6 (on river steamer) from 
exposure. Trypanosomes were never seen (malaria present) during life, or at the 
autopsy done immediately after death. 


(6) Trypanosoma dimor phon 


EXPERIMENT 216.—Monkey (Cercopithecus mona). From March 25 to April 25, 
1905, 388 flies were fed. Blood was regularly examined until June 13, when the 
animal was moribund. It was therefore killed. Trypanosomes were never seen 
during life, and no signs of trypanosomiasis were seen at the autopsy. (Cause of 
death ? exposure).* 


* During the journey of the expedition, on foot, from Kasongo to Lusambo (s), 
the monkeys unavoidably received considerable hard usage. 


| 
ay 
2 
4 
3 
. 
4 ‘ 
4 
a { 


208 
V. TWELVE TO FIFTEEN HOURS INTERVAL 


To infect a susceptible animal with Trypanosoma gambiense by 
the bites of tsetse flies fed at least 12 to 15 hours previously on an infected 
animal or man. 


LEOPOLDVILLE. 


EXPERIMENT 48.—Guinea-pig. From December 12, 1903, to April 6, 1904, 1,706 
flies were fed. The blood was regularly examined until April 12, 1904, when the 
animal died. Trypanosomes were never seen in its blood nor in any of the body- 
fluids or organ-juices examined at the autopsy, done immediately after death. 


EXPERIMENT 61.—Rat. Krom December 23, 1903, to May 20, 1904, 484 flies 
were fed on this animal. Its blood was regularly examined until July 3, 1904, 
when it was accidentally killed. Trypanosomes were not seen. 


EXPERIMENT 62.—Rat. From December 23, 1903, to February 25, 1904, 262 
flies fed on this animal. No trypanosomes were ever seen in its blood. It died 
on March 1, 1904, of a lung disease. 


EXPERIMENT 71.—Rat. From December 18, 1903, until May 15, 1904, 417 flies 
were fed on this animal. Its blood was regularly examined for trypanosomes 
without result until July 7, 1904, when it was accidentally killed. 


In the four preceding experiments it was attempted to transmit 
the trypanosomes from animal to animal; in the three following it 
was attempted to transmit them from man to animal. 


EXPERIMENT 83.—Rat. From January 16 to April 9, 1904, 999 flies were fed on 
this animal. Its blood was regularly examined for trypanosomes with negative 
result until July 1, 1904, when it was accidentally killed. 


EXPERIMENT 107.—Guinea-pig. From April 13 to May 30, 1904, 390 flies were 
fed on this animal. Its blood was examined regularly until June 1, and afterwards 
at intervals until October 8, when, since trypanosomes were still absent from its 
blood, observations were discontinued. This animal was afterwards successfully 
inoculated with Zrypanosoma dimorphon in experiments made to ascertain the 
animal reaction of a Congo cattle trypanosome. 


KASONGO. 


EXPERIMENT 186.—Monkey (Cercopithecus sp. ?). From January 24 to April s, 
1905, 542 flies, previously fed on a sleeping sickness patient, fed upon this animal. 
Its blood was examined frequently until it was stolen on May 4; trypanosomes 
were never seen. 


EXPERIMENT 206.—Monkey (Cercopithecus schmtdti). From February 25 to 
April 20, 1905, 468 flies, previously fed on an infected animal, were fed on this 
monkey. On April 25 it was badly injured by its cage companions, and was 
therefore killed. No trypanosomes were seen during life (malaria present), or at the 
autopsy, nor were there any signs of trypanosomiasis. 
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VI. FIFTEEN TO TWENTY HOURS INTERVAL 


To infect a susceptible animal with Trypanosoma gambiense by 
the bites of tsetse flies fed from 15 to 20 hours previously on an infected 
animal, 


LEOPOLDVILLE. 


EXPERIMENT 97.—Guinea-pig. From February 20 to May 16, 1904, 395 flies 
were fed. Its blood was regularly examined for trypanosomes without success 
until May 16, when it died from a ruptured stomach. No trypanosomes or signs 
of trypanosomiasis were seen at the autopsy. 


VII. EIGHTEEN TO TWENTY-FOUR HOURS INTERVAL 


To infect a susceptible animal with Trypanosoma dimorphon 
by the bites of tsetse flies fed at least 18 to 24 hours previously on an 
infected animal. 


IK. ASONGO. 


EXPERIMENT 212.— Domestic cat. From March 13 to April 29, 1905, 510 flies 
fed. Blood was examined regularly until July 26, 1905. Trypanosomes wéfe never 
seen. When examinations were recommenced in September, 1905, trypanosomes 
were present. The animal died in November, 1906, of the disease. In May one 
Glossina fusca fed on this animal; a single Glossina pallidipes also had an 
opportunity of feeding. The flies used were infected by feeding on three guinea- 
pigs inoculated about two months previously with blood from a horse’ naturally 
infected with Zrypanosoma dimorphon; they frequently fed when the parasites 
were either absent or very scanty in the peripheral blood. 


VIII. TWENTY-FOUR HOURS INTERVAL 


To infect a susceptible animal with Trypanosoma gambiense 
by the bites of tsetse flies fed at least 24 hours previously on an infected 
animal or man. 


KASONGO. 


EXPERIMENT 208.—Monkey (Cercopithecus schmidti). From March 3 to April 
28, 1905, §go flies, previously fed on an infected animal, were fed on this monkey. 
On June 16, trypanosomes were first seen in its blood. It-died on October 2, tgos5, 
from pneumonia. The spleen was considerably enlarged. No trypanosomes were 
seen at the autopsy, and none had been present in the blood for the preceding six 
weeks. In March, 3 Glossina fusca had opportunities for feeding on this animal. 
All the flies used in this experiment were infected by being fed on a guinea-pig, 
whose blood contained very numerous trypanosomes, inoculated three months 
previously with blood from a case of sleeping sickness. Many of these flies had 
fed three or more days previously on sleeping sickness cases whose blood contained 
very few or no trypanosomes. 


Successful 
Experiment 


Successful 
Experiment 
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EXPERIMENT 218.—Monkey (Cercopithecus schmidti). From April 3 to April 14, 
1905, 71 flies, previously fed on a sleeping sickness patient, were fed on this 
monkey. The blood was examined at intervals until June 5; trypanosomes were 
never seen. The animal was moribund on June 5; it was therefore killed and an 
autopsy was made immediately. No trypanosomes or signs of trypanosomiasis 
were observed. 


IX. FOUR DAYS INTERVAL 


To infect a susceptible animal with Trypanosoma gambiense 
by the bites of tsetse flies fed at least four days previously on a sleeping 
sickness patient. | 


LEOPOLDVILLE. 


EXPERIMENT 74.—Guinea-pig. From December 30, 1903, to May 29, 1904, 425 
flies were fed on this guinea-pig. Its blood was examined regularly until October, 
1904, when it died of coccidiosis. No trypanosomes were ever seen. 

EXPERIMENT 122.—Monkey (Cercopithecus schmidti). From April 23 to June 4, 
1904, 209 flies were fed on this monkey. Its blood was examined regularly until 
June 14, when it was accidentally killed. Its temperature had always been normal, 
and at the autopsy, as during life, trypanosomes were not seen. 


It was thought that perhaps the trypanosomes underwent a lengthy 
developmental process in the tsetse fly, and that therefore the scanty 
success of the preceeding experiments might have been due to the 
shortness of the interval between the infecting and transmitting feeds. 
In the two following sets of experiments this period was consequently 
greatly increased. | 


X. TEN DAYS INTERVAL 


To infect a susceptible animal with Trypanosoma dimorphon 
by the bites of tsetse flies fed at least ten days prevtously on an infected 
animal, 


KASONGO. 


EXPERIMENT 215.—Guinea-pig. From March 23 to April 25, 1905, 210 flies 
fed ; in many instances 35 days intervened between the first infecting feed and the 
transmitting feed. The blood was examined regularly until August 4; no trypano- 
somes were ever seen. Examinations were then discontinued until September 18, 
1905, when the animal died of tuberculosis. No trypanosomes were seen at the 
autopsy. 

EXPERIMENT 217.—Monkey (Cercopithecus schmidti). From April 2 to April 27, 
1905, 206 flies were fed; in many instances 25 to 30 days intervened between the 
first infecting feed and the transmitting feed. The blood was examined regularly 
up to July 29 ; no trypanosomes were ever seen (malaria present). The animal died 
September 29, 1905, of diarrhoea; no trypanosomes or signs of trypanosomiasis 
were seen at the autopsy done immediately after death. 
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XI. FOURTEEN DAYS INTERVAL OR MORE 


To infect a susceptible animal with Trypanosoma gambiense 
by the bites of tsetse flies fed at least fourteen days previously on an 
infected animal. 


LEOPOLDVILLE. 


EXPERIMENT 79.—Guinea-pig. From January 11 to May 24, 1904, 156 flies fed 
on this animal. Its blood was examined regularly until May 27, and then at 
intervals until October, 1904. Trypanosomes were never seen. The animal died 
in November, 1905. No trypanosomes were seen at the autopsy. 


XII. MISCELLANEOUS 


EXPERIMENT 211.—Guinea-pig. This animal was used for feeding odd batches 
of tsetse-flies which for various reasons could not be employed in one of the set 
experiments. 

From May 16, 1904, to April 30, 1905, 1,278 flies were fed on it; 200 of these 
flies were freshly caught, the remaining had been fed at various antecedent periods 
on animals infected with either Z7rypanosoma gambiense or Trypanosoma dimorphon. 
The blood was examined until August, 1905 ; trypanosomes were never seen. The 
animal died in September, 1g05 (cause of death ?). No trypanosomes or signs of 
trypanosomiasis were seen at the autopsy done immediately after death. 


In the Gambia it was thought that the excessively dry atmosphere 
at the season when our experiments were done might have accounted 
for their failure!. This objection cannot be made to the Congo 
experiments; when they were done, the average morning humidity 


(6 am.) at Leopoldville was about 45 per cent. at Kasongo about 
Q4 per cent. 


Experiments 120, 203, 206, in which the animals were not observed 
for a very long period, should probably be disregarded. The 
remaining observations should be considered in conjunction with the 
published reports of similar experiments done in Uganda ® ! 


Bruce, Nabarro and Greig (8).—These authors publish three experiments in 
which animals were infected with Zrypfanosoma gambiense, within from two to 
four and a half weeks from the commencement of the experiment, by the bites of 
from 200 to 1,000 freshly-caught Glossina palpalis. The rapidity with which these 
experiments succeeded is noteworthy. 

In five experiments they succeeded in transmitting Z'7ypanosoma gambiense by 
the bites of from 280 to 570 flies fed from eight to forty-eight hours previously on 
infected animals. The length of time from the commencement of the experiment 
to the recognition of the infection varied from seven to ten weeks. 

Greig and Gray (10).—In five experiments these authors succeeded in trans- 
mitting cattle trypanosomes by the bites of Glossina palpalis. The period elapsing 
between the commencement of the experiment and the detection of the parasites in 
the blood of the experimental animal varied from four and a half to seventeen and 
a half weeks ; the number of flies fed ranged from 151 to 923. 
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It is seen that all the results are in conformity with the 
hypothesis that Glossina palpalis transmits Trypanosoma gambiense 
mechanically, and that it is probably not able to do so when the space 
between transmitting and infecting feeds much exceeds 48 hours. 
This conclusion is, nevertheless, to our minds a most unsatisfying 
one if we are to regard this GZosstnva as the chief* or onlyt carrier of 
Trypanosoma gambiense. 


The experiments of all observers show that it is frequently 
necessary to feed hundreds, almost thousands, of flies on a susceptible 
animal before it becomes infected. t 


It may be objected that in many of these experiments flies may have been 
unnecessarily fed on the animals after they were infected but before the infection 
was recognised. This objection is partially negatived by observations (7, 8, see 
page 20) showing that the incubation period of a natural infection by Zrypanosoma 
gambiense may be so short as from two to four weeks. 

If the number of successes obtained in such experiments, where 
flies are fed on an infected animal whose blood is swarming with 
parasites, is so small, it scarcely seems possible that mechanical 
transmission by tsetse flies can alone be responsible for the rapid 
spread of sleeping sickness of recent years. From these experiments 
it seems that, as a rule, a native must be bitten by a comparatively 
large number of flies, which have fed not more than 48 hours 
previously on a case of human trypanosomiasis§ before he will become 
infected ; it must be remembered that trypanosomes are usually rather 


rare in the blood of cases of sleeping sickness. 


*The possibility that varieties of Glossina other than palpalis may carry 
Trypanosoma gambiense must not be forgotten. It has recently been shown that 
Glossina palpalis may transmit trypanosomes other than 7'rypanosoma gambtense ; 
‘Greig and Gray have shown that it will convey the trypanosomes found in various 
domestic animals in Uganda (10). In Experiment 212 of this paper we succeeded 
in transmitting Trypanosoma dimorphon by Glossina palpalis. Koch (g) suggests 
that in German East Africa cattle trypanosomes may be transmitted by Glossina 
pallidipes and Glossina fusca as well as by Glossina morsitans, which was formerly 
alone thought to have that power. 


+ The Sergents (18) transmitted 7. druce?, previously only known to be carried 
by G. morsitans, with an interval of 48 hours between infecting and transmitting 
feeds, by the bites of a tabanid (A. memoralzis). 

t Fewer flies are of course needed in an experiment when there is practically no 
interval between the feeds on the infected and experimental animals. 

§ Trypanosoma gambiense has as yet been found in nature in no other host 
than man.—May 7: Since this was written Report VIII of the Royal Society’s 
Commission on Sleeping Sickness has been received. Its authors believe that they 
have found 7. gambiense in native dogs. 
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Although the chronicity of the disease is well known, it seems 
impossible that large percentages of populations, whose vocation does 
not keep them constantly on the water, should become infected in 
such a way in places where tsetse flies are far from plentiful, like 
Kalombe (17 per cent. infected), Dibwe (18 per cent.), Miambwe 
(7 per cent.), Lokula (6 per cent.) in the Congo Free State. 

It seems certain that such a mechanical transmission cannot be 
the only way in which Trypanosoma gambiense is transmitted from 
man to man. We believe either that something is wrong in the way 
in which Glossina palpalis has been used in these experiments, or 
that Trypanosoma gambtense can be conveyed by some other means 
than by it.* 


The status of cattle trypanosomiasis (see page 233) in the Congo Free State» 


furnishes an additional objection to explaining the propagation of trypanosomiasis 
by mechanical transmission alone. A considerable percentage of the cattle are 
infected. Trypanosomes are very rarely seen in their blood. Enormous quantities 
(10 to 50c.cm. or more) of infected blood must be injected into susceptible animals 
before they become infected, and failures to infect are common. It does not seem 
possible that the mere mechanical transmission of an infinitesimal quantity of 
blood from animal to animal by an insect’s proboscis can adequately explain the 
distribution of a strain of trypanosomes possessing so little virulence in direct 
inoculations. 


II. ATTEMPTS TO TRANSMIT TRYPANOSOMES BY 
VARIOUS BLOOD-SUCKING ARTHROPODS 


If the tsetse fly is merely a mechanical transmitter of trypanosomes, 
there seems no reason why other blood-sucking arthropods should not 
also transmit them. To test this possibility the experiments described 
below were made with the “Congo floor maggot” (larva of 


Auchmeromyia luteola), Anophelines (Pyretophorus costalis), Simu- . 


lium and Ornithodorus moubata. None of them were successful. As 
before, animals showing large numbers of trypanosomes in their blood 
were preferred for the infecting feeds. 


I. EXPERIMENTS WITH LARVAE OF AUCHMEROMYIA LUTEOLA 
I. FRESHLY-CAUGHT LARVAE 
(a) To ascertain whether larvae caught in native huts in an area 
where sleeping sickness 1s endemtc contain trypanosomes in a state capable 
of infecting susceptible animals. 


* T. eqguiperdum, usually only transmitted by coitus, may be spread in a totally 
different manner by the bites of fleas (25). 
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EXPERIMENTS 41 and 42.—Rats. On November 20, 1903, these two animals 
were inoculated subcutaneously with the fluid obtained by rubbing up 16 larvae, 
freshly-caught at Wathen, in normal saline. Both rats were examined frequently 
(every three days) until April, 1904 ; neither ever became infected. 


It is noteworthy that no trypanosomes were seen in the blood 
from the alimentary canals of six freshly-caught larvae, although 
living trypanosomes have been found in the intestines of larvae up to 
10 to 13 hours after they had fed on a known infected animal. 


(b) Teo ascertain whether larvae, caught in native huts at Wathen 
and Leopoldville, ave able to infect a susceptible animal with trypanosomes 
by thetr bites. 


The larvae experimented with were always left in tins containing 
dry sand. Animals, on which it was desired that the larvae should 
feed, were tied to an arched, wire frame-work and placed in the tins 
so that their cleanly-shaved abdomens rested on the surface of the 
sand. Under these conditions, the larvae commenced to feed in about 
an hour. They apparently fed daily and for many minutes at a time, 
unless the animals were moved, when they immediately burrowed 
into the sand. 


EXPERIMENT 44.—Guinea-pig. From December 18, 1903, to March 12, 1904, 
224 larvae fed. The blood was examined frequently until May, 1904, and then at 
intervals until November, 1905, when the animal died of pneumonia ; trypanosomes 
were never seen. 


II. INTERRUPTED FEEDING 


To ascertain whether larvae immediately previously fed on an 
animal heavily infected with Trypanosoma gambiense were capable 
of transmitting the parasite by their bites to a susceptible animal. 

In Experiments 107a and 108 an infected guinea-pig was placed 
for one or two hours in the tin containing the larvae; it was then 
quickly replaced by a healthy animal which was left in the tin over- 
night. When the infected animals were removed a dozen maggots 
were frequently seen to be feeding on them; it therefore seems 
highly probable that many of these resumed their feed on the second 
animal. In the records of these experiments the number of larvae 
which fed during the night on either or both of the animals is noted. 


EXPERIMENT 107a.~-Guinea-pig. On March 11, 1904, 39 larvae fed on one or 
both animals. Blood was examined regularly until May, and then at intervals until 
October, 1904, when this guinea-pig was used for another experiment; trypano- 
somes were never seen. 


215 


EXPERIMENT 108.—Guinea-pig. From March 13 to 27, 1904, 194 larvae were 
fed. The blood was examined regularly until the end of May, and then at long 
intervals until September, 1905 (death from pneumonia) ; trypanosomes were never 
seen. 

III. TWELVE HOURS INTERVAL 


To infect a susceptible animal with Trypanosoma gambiense by 
the bites of larvae fed at least 12 hours* previously on an infected 


animal. 


EXPERIMENT 60.—Guinea-pig. From December 30, 1903, to April 27, 1904, 454 
larvae were fed. The blood was frequently examined until May, 1904, and then at 
intervals until October, 1905 (death from pneumonia) ; trypanosomes were never 
seen. 


II. EXPERIMENT WITH ANOPHELINES 
The mosquitoes used in this experiment were bred from larvae 


caught at Leopoldville; they were practically all Pyretophorus 
costalts. 


To infect a susceptible animal with Trypanosoma gambiense 
by the bites of anopheles fed on an infected animal at least 24 hours 


previously. 


EXPERIMENT 53.—Guinea-pig. From December 15, 1903, to May 8, 1904, about 
75 mosquitoes, fed from twelve to 72 hours previously on infected animals, 
fed on this guinea-pig. The blood was examined regularly without result until the 
animal was accidentally killed on August 8, 1904; no trypanosomes or signs of 
trypanosomiasis were seen at the autopsy. 


III. EXPERIMENT WITH S/MUL/UM 
During the rainy season there were legions of Szweulzum about 


the sleeping sickness hospital at Leopoldville. It was hoped to do a 
series of experiments with them, but they were found to be so difficult 


to manage that the idea was given up. 

Some of these flies, freshly caught at the hospital, were, however, fed on a 
guinea-pig ; five of them had in addition fed an hour previously on a heavily 
infected guinea-pig. The animal was kept under observation for 22 months; it 
never became infected. 


IV. EXPERIMENTS WITH ORN/THODOROS MOUBATA 
Because of the following observation, it was thought that this 


tick might disseminate sleeping sickness. 


At Nyangwe, out of four women presenting themselves as suffering from fever 
after the bites of Ornithodoros moubata, three were infected with trypanosomiasis. 
All four women were wives of an arabised chief and inhabited a house, where 
Ornithodoros moubata swarmed, in a well-kept village situated in open country ; 
tsetse-flies were consequently very rarely seen in the neighbourhood of their 
dwelling place. 


* The larvae were used several times and therefore some of those employed in 
experiments 107a, 108 and 60 had possibly fed several times previously on infected 
animals. 
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INTERRUPTED FEEDING 


To infect a susceptible animal with Trypanosoma gambiense by 
the bites of Ornithodoros moubata which had fed from three to five 
minutes previously on a heavily infected animal. 


EXPERIMENT 1.—-Guinea-pig. From August 29 to October 25, 1906, 362 ticks 
fed. The blood was examined almost daily without result until January 3, 1907, 
when the animal died of pneumonia ; no trypanosomes or signs of trypanosomiasis 
were seen at the autopsy. A rat sub-inoculated on November 18 did not become 
infected. 


EXPERIMENT 2.—Guinea-pig. From September 27 to November 24, 1906, 76 
ticks fed. The blood was examined daily until January 21, 1907 ; no trypanosomes 
were seen : a rat sub-inoculated on December 19 has not become infected. 


EXPERIMENT 3.—Rat. On November 26, 1906, 129 ticks fed. The blood was 
examined almost daily up to January 21, 1907. No trypanosomes were seen. A 
rat sub-inoculated on December 1g has not become infected 


These animals (Experiments 2 and 3) were inoculated in February, 
1907, with Trypanosoma gambiense. Both became infected and their 
disease ran a usual course. 

Although these experiments are far from conclusive, they seem to 
indicate that Trypanosoma gambiense is probably not easily 
transmitted by any of the common arthropods experimented with.* 

The alternative explanation of the comparative insuccess of 
attempts to transmit Trypanosoma gambiense by Glossina palpalis 
was that the experiments had not been carried out under the best 
conditions. 


Koch (9) suggested that trypanosomes could not be transmitted by tsetse flies 
unless they were taken up by the fly at some particular point in their development. 
He supported this suggestion by the observation that he could transmit cattle 
trypanosomes most easily by the bites of tsetse flies previously fed on long-infected 
animals whose blood contained very few trypanosomes. 


This suggestion of course premises some sort of development of 
the trypanosome in the tsetse fly. From what is known of other 
haematozoa there seems to be no reason why there should be none. 


*In this connection the following observations should be noted. Greig and 
Gray (10, page 203) could not transmit the cattle trypanosomes conveyed by 
Glossina palpalis by the bites of Stomoxys (see page 201). 

Nabarro and Greig (15) also failed to transmit these trypanosomes by Stomoxys. 

Bruce (12, page 5), working with Trypanosoma brucei, found no case of spon- 
taneous infection amongst his stock animals in an area where all sorts of biting 
flies, save Glossina, were present. 

It is to be noted that these observers did not try interrupted feeding. The 
insects they employed, therefore, had not thé best opportunity of acting as 
mechanical transmitters; see transmission of surra (16). Minchin, Tulloch and 
Gray (17) succeeded in transmitting the “Jinja” cattle trypanosome by Stomoxys 
fed interruptedly. 


4 
| 
3 
3 
a 
: 
a 
: 4 


217 


III. DISSECTIONS OF TSETSE FLIES 


The dissections of tsetse flies commenced in the Gambia,! with the 
object of finding such a phase of the trypanosomes, were continued 
in the Congo. 

Bruce!4 found scanty trypanosomes in the proboscis of Glossina 
morsitans fed 46 or fewer hours previously on an animal infected 
with nagana; it is quite conceivable that the parasites should be 
mechanically transmitted by the bites of such insects. It was therefore 
important to determine how long after feeding on an infected animal 
Trypanosoma gambiense could be found in the proboscides of 
Glossina palpalis. A series of 75 dissections* were done at periods 
ranging from one minute to 20 hours after feeding. It was found that 
red cells and trypanosomes were almost always present in the labium 
up to ten minutes after feeding. Later than this the parasites were 
frequently absent, although red cells might still be present. The 
longest period after feeding at which trypanosomes were found was 
1? hours; the longest period for red cells was 7} hours. Red cells 
were seen in only six out of 25 dissections done more than two hours 
after feeding. 

Koch® by pressing the bulb at the base of the tsetse’s proboscis 
was able to obtain a clear fluid in which he frequently found 
trypanosomes. We found that by irritating a fly held by the wings 
it could frequently be made to spontaneously exude such a fluid ; only 
once was a trypanosome seen in it, and that in a fly which had fed one 
and a half hours previously on a heavily-infected animal (red cells 
also present in fluid). It was also found that flies caught after they 
had fed on an infected animal frequently regurgitated in struggling 
a drop of blood, as large as a pin’s head, which was full of parasites, 
many of them identical in form with those ingested. This observation 
was made up to 28 hours after the last feed on an infected animal. 


In this connection it is well to remember that trypanosomes may live apparently 
unaltered in the fly’s stomach for at least 48 hours. Such a regurgitation taking 
place during the feeding of the fly can be easily conceived as a possible means of 
transmission of the parasite. 


* The flies previously fed and kept in test tubes were caught with forceps by 
the wings with as little struggling as possible. The head of the fly was cut off 
with a quick cut of a fine pair of scissors, in order to prevent regurgitation, and the 
proboscis was then detached and dissected for examination in a tiny drop of 
normal salt solution. 
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IV. MORPHOLOGY OF TRYPANOSOMES IN THE 
ALIMENTARY CANAL OF CERTAIN 
ARTHROPODA* 


I. IN GLOSSINA PALPALIS 


The observations here recorded were made on material obtained 
from dissections done in the Gambia and in the Congo in 1903 and 
the first months of 1904. Work of more immediately practical 
importance prevented us from giving as much time to this investigation 
as could have been wished, and has deferred the examination of our 
stained specimens and publication of our findings until now. The 
members of the Royal Society’s Sleeping Sickness Commission and 
Koch have in the meantime published their work on the same subject. 
In many points our observations coincide with theirs. For this 
reason we do not give detailed descriptions of forms observed, and 
this especially since little can be said concerning their significance. 
All our work was done with 7rypanosoma gambiense and Glossina 
palpalis. les were dissected and examined in fresh and stained 
specimens (dry films) at every period from a few minutes up to eleven 
days after feeding on an infected animal. Their intestinal contents, 
muscles, ovaries, malpighian tubules, blood and salivary glands have 
been examined. Only in the alimentary canal have forms been found 
which can certainly be connected with the trypanosomes. Active 
unaltered parasites were seen in the alimentary canal up to 48 hours ; 
living, but altered, trypanosomes up to 72 hours after feeding. No 
recognisable trypanosomes were ever seen in the faeces of tsetse 
flies or in the clear fluid excreted per anum immediately after a fly 
has finished its feed. 

Digestion is rapid; in a little over 24 hours after a feed the 
stomach is usually emptied of blood. In about 50 to 70 hours the 
whole intestine is empty save for a small amount of greenish-brown 
faeces. 

After ingestion the trypanosomes become more active and 
apparently much more numerous; longitudinal division forms are 
frequent and have been seen up to 48 hours after feeding. Many 
half-digested parasites are distorted, vacuolated and granular, and 


* Under this heading, it must be understood that controls were constantly examined. 
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are breaking up. They seem to be degenerating. Groups of five or 
more parasites agglomerated by their posterior extremities frequently 
occur. These usually degenerate until only shapeless débris and 
chromatic granules remain (on one occasion spherical forms were 
produced).* 

In blood ingested for some days parasites approximating to the male 
and female types?! become relatively much more numerous than at 
first. The structure of the nucleus varies. The chromatin may be 
collected at either pole, or in three or four large masses. It may 
be irregularly arranged in transverse rods or distributed in granules 
placed on a chromatic reticulum. Sometimes the granules are 
placed about the periphery of the nucleus. Chromatophilic granules 
occur in the cytoplasm. These have been seen in positions suggesting 
that they have been extruded from the nucleus.!7 Occasionally one 
or perhaps two large faintly pink-staining areas, somewhat diffuse, 
but nevertheless possessing a definite outline, have occurred in the 
neighbourhood of (usually posterior to) the nucleus. This area 
suggests the chlamydoplasm*4 observed in Leucocytozoon danielewskt. 
The blepharoplast often consists of two or more granules. It is 
frequently very apparent that it is placed in a “clear” area and that 
the thickened edge of the undulating membrane ends not in it but in 
a pinkish basal granule or “ diplosome.” 

Trypanosomes occur which possess a third, deeply-staining 
chromatic area (one-third the size of the nucleus) in addition to 
nucleus and blepharoplast. Other polynuclear forms resembling in 
appearance the polynuclear forms described by Koch+ have been seen 
(48 hours after feeding). We can say nothing concerning their 
significance, but we are not prepared to follow Koch in his interpre- 
tation of them. We believe that the rounded forms, which he thinks 
they produce, arise from the englobation of single trypanosomes which 
have cast off blepharoplast and undulating membrane and become 
spherical. (This process has been observed in blood within three 
hours after its ingestion.) The bodies so formed are rounded or oval, 
and measure about to by 2°0u to They consist of a 
light-blue-stained protoplasm with definite contour and at first one, 
later two, a large and a small, chromatic masses. We have not seen 


* Occasional confluent collections of degenerated parasites are seen which recall 
the “‘ plasmodial ’’ masses of Plimmer and Bradford (24). 

+Koch gives no measurements. We cannot say whether there is any 
resemblance in size; our forms measure 18’ou to 25-ou by to 3°75 mu. 
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the subsequent formation of a flagellum, and the assumption of 
“ herpetomonas-like ” characters described by Koch (their occurrence 
seems most probable).34 

The spherical forms are produced in GZossina in the same way as 
in the rat flea (see below). The independent movements of flagellum 
and cytoplasm are most striking in parasites in the process of exflagel- 
lation. When separated the flagellum and blepharoplast quickly 
become motionless ; the cytoplasm is mobile for a little longer. These 
rounded forms were not seen to divide, but from the analogy of 
Trypanosoma loricatunt,4+ and from the difference in size between 
the smallest rounded forms (4°5m by 3°75) and the average pear- 
shaped trypanosome by just before exflagellation is 
complete, it seems possible that they may do so at this stage. After 
the flagellum and blepharoplast are cast off, the nucleus, at all events 
in some cases, fragments into from eight to ten granules. These 
then collect together to form a new central mass (some may remain in 
the cytoplasm; are any extruded?). Before the motor apparatus is 
thrown off from the rounded trypanosome it sometimes circumscribes 
the parasite so as to simulate a cyst wall—no real encystation has been 
observed. (Moore and Breinl?® describe the formation of a cyst wall 
in similarly rounded parasites observed in trypanosome-infected 
animals treated by atoxyl.) 

II. IN PEDICULUS 

In July and August, 1903, a few pediculi caught on a rat very 
heavily infected with Z7ypanosoma gambiense were dissected and 
examined fresh at room temperature. Granular, indistinct, obviously 
degenerating parasites were of course present. The main change 
seen in those apparently normal was the formation of ovoid or 
spherical trypanosomes (5°6" by to 832m by 7°6u). These had 
in stained specimens the same appearance as those observed in 
trypanosomes from the gut of tsetse flies. The following short 
account of one observation sufficiently describes what was seen in 


all 


The alimentary tract, filled with bright red blood, was drawn from a freshly- 
caught louse; it was then teased out in a minute drop of normal saline. Many 
active normal trypanosomes were present. All were long and large at first; no 
stumpy forms were seen. Some of the parasites were quite granular. One hour 
later the normal parasites were less numerous, and pear-shaped trypanosomes were 
present which had lost undulating membrane and flagellum. Similar forms existed 
to which the flagellum was still attached by the blepharoplast. In these forms 
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flagellum and cytoplasm move quite independently of one another. The movements 
of the cytoplasm were both amoeboid and lashing. These forms, as well as some 
very stumpy and granular, fairly round trypanosomes, may roll themselves up into 
a ball. (If the flagellum be present it is usually external.) Some seemed to be 
enclosed in some sort of a membrane, since, although motion was violent, they 
never changed their spherical shape. Others straightened out for a moment to 
immediately curl up again. In stained specimens no definite cyst wall was ever 
seen to enclose a spherical parasite. 

One apparently normal trypanosome was first seen at this time inside a large 
clear vacuolated cell of the stomach wall.* During the three and a half hours it 
was watched it remained active and unable to leave the cell. After four hours 
bacteria commenced to multiply in the specimen, and it was necessary soon after 
to discard it. No further change was observed in the spherical forms produced by 
the rounding of the above described “ pear-shaped ”’ parasites. 


Ill. IN STOMOXYS 


In the Gambia, trypanosomes, identical with those ingested, were 
found unchanged in the gut of S/omoxys up to 20 hours after they 
had fed heavily on a horse infected with Trypanosoma gambiense. 
Longitudinal divisional forms were seen. In one instance phago- 
cytosis (by a cell from the horse’s blood ?) of a trypanosome was seen 
at this period. 


An interesting observation was made in a fly fed 18 hours previously. Two try- 
panosomes were attached to one another ; the separate outlines of each parasite could 
be distinguished perfectly. In about an hour and a half, the two parasites had fused 
to form a single trypanosome. The newly-formed parasite was thicker than is 
normal, had a shorter flagellum and a collection of very minute refractive granules 
at either end and no perceptible nucleus in the usual position. After twelve hours the 
parasite was motionless ; no further change had occurred. This phenomenon was 
twice seen. 


IV. IN LARVA OF AUCHMEROMYIA LUTEOLA 


The contents of the intestinal canal, the salivary glands and blood of 
larvae fed from six to thirty-four hours previously on animals infected 
with Zrypanosoma gambiense were examined. The changes 
observed were very similar to those seen in the other arthropods. 
Living trypanosomes were seen in the fresh blood of the diverticulum 
up to twelve hours after feeding, and no parasites were seen in the old 
black, half-digested blood. At ten hours many parasites were dead ; 
numerous agglomerated and degenerating trypanosomes were present ; 
some of the stumpier parasites were becoming rounded. The 
intestinal contents contained many bacteria; perhaps for this reason 
comparatively few small spherical forms of the trypanosomes were 
seen. 


* Battaglia (quoted from 19, page 113) reports having seen intracellular forms 
of a bat trypanosome and of 7. Jew?si (?). 
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V. IN ANOPHELINES* 


A large series of Anophelines (Pyretophorus costalis) was dissected 
at periods ranging from twelve hours to eleven days after 
feeding on experimental animals heavily infected with 7rypanosoma 
gambiense. In the interval between feeding and being dissected, the 
mosquitoes were fed every two days on uninfected animals. Alimentary 
canal, malpighian tubules, ovaries, and salivary glands were carefully 
examined, and forms recognisable as connected with the trypanosomes 
were seen only in the alimentary canal; at first some confusion was 
caused by the presence of the sporozoites of a coccidium-like 
protozoon.*4 After 42 hours no trypanosomes were seen. From 12 
up to 42 hours after feeding the changes similar to those described in 
the gut of other arthropods were observed. Nothing peculiar was 
seen. 


V. DISCUSSION 


When malarial parasites are ingested by a receptive anopheles, 
only those parasites survive which are prepared for development in 
the environment provided by their new host. The remainder die. 
If the blood is heavily infected there is therefore necessarily a large 
number of degenerating parasites present in the insect’s alimentary 
canal. The same may be true of trypanosomes ingested by tsetse flies. 
The mass of degenerating parasites confuses one’s perception and 
makes it extremely difficult to pick out the forms capable of further 
development. 


It is by examining in fresh coverslips and, later, stained prepara- 
tions, the parasites in trypanosome-infected blood taken from the gut of 
insects, that the changes invariably taking place under such conditions 
can best be determined. It seems reasonable to deduce that forms 
invariably appearing are those best suited for the new environment, 
and that they may be possibly concerned with the further development 
of the parasite. Such forms should therefore be most carefully 


* A paper (33) important in this connection was received while the present 
communication was in the printers’ hands. Its authors show that Trypanosoma brucet 
survives ingestion by mosquitoes for only 36 hours ; it remains virulent to mice for 
only 14 hours. The morphology of the ingested parasites is not reported on. 
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watched. Up to a certain point observations on trypanosomes in 
cultures may be very valuable here. 


Bouet (Culture du Trypanosoma de la grenouille, Annales de |’Inst. Pasteur, 
Vol. XX, No. 7, page 364) has obtained a very large part of the “‘ swarm ”’ cycle (34) of 
this parasite in cultures. 

Novy and MacNeal, in their studies on mammalian and bird trypanosomes, 
illustrate forms which are interesting in this connection. Life History of Trypano- 
soma lewist and Trypanosoma brucei, Journal of Infect. Diseases, Vol. I, No. 4, 
Nov. 5, 1904, p. 517. On the trypanosomes of birds, Journ. Infect.. Diseases, Vol. 
II, No. 2, March 1, 1905, p. 256. 

Cerquira, in a thesis published at Rio de Janeiro, describes a most interesting 
development in bird trypanosomes in cultures. It bears evident analogies to the 
multiplication process described in 7’. loricatum ( 34) (reviewed in Journal of Tropical 
Medicine, April 1, 1907, p. 118). 


A process which has been seen by many observers in trypanosomes 
ingested by arthropoda is the formation of spherical bodies without 
undulating membrane, flagellum or, at first, differentiated blepharo- 
plast. Similar forms have been reported by many different authors 
in most of the mammalian trypanosomes when they are placed in 
various “unfavourable circumstances,’!9 such as in moribund animals, 
in the cerebro-spinal fluid, in organs, kept preparations of fresh blood, 
cultures, gut of lice, fleas and biting flies. 

These rounded parasites bear a most striking resemblance to the 
rounded form of Trypanosoma loricatum which commences the 
interesting cycle of “swarm” development first described by 
Danielewsky.2* ‘These forms of the mammalian parasites are formed 
in much the same way as are the rounded frog trypanosomes. Does 
their further development proceed in the same way? (see footnote to 
page 62 of 2”). The work of the following observers shows that there 
may be some resemblance between their subsequent stages. 


Bradford and Plimmer (24) describe the rapid division of spherical ‘‘ amoeboid 
forms” of Z. druce¢ in the blood of a vertebrate host. 

Prowazek (22) also reports the division of such bodies in 7. bruce; and 
describes the formation of similar spherical bodies in 7. /ew7s¢ ingested by a louse ; 
and he suggests that these later develop a flagellum. 

Koch (9g) describes the formation of rounded forms, which subsequently develop 
a flagellum, in cattle trypanosomes ingested by Glossina. In their development 
these parasites pass through a herpetomonas-like stage. 

Lingard (28) describes certain developmental processes in trypanosomes of 
Indian cattle where similar rounded forms occur. 

Moore and Breinl (26) have observed similar forms in 7. gambiense, especially in 
animals treated by atoxyl; their further development has not been followed. A second 
type of rounded form, produced by the extrusion of the nucleus from an ordinary 
trypanosome, was observed to produce a minute flagellum. 
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Durrant (29) and Holmes (30) describe similar rounded forms in JZ. evansi. 
The latter described them as undergoing development. He also describes the second 
type of rounded trypanosome and its development as do Breinl and Moore. 


It is impossible to say how far this resemblance extends. At all 
events, the above observations prove that the spherical forms represent 
a stage in a definite cycle of development other than that of 
longitudinal division, the only definitely developmental phenomenon 
previously established in the life history of trypanosomes. The 
observations of Holmes, Moore and Breinl show that there is possibly 
a third line of development in mammalian trypanosomes, in addition © 
to the multiple segmentation first described in Trypanosoma lewisz.3? 


Some of the rounded forms of mammalian trypanosomes doubtless 
degenerate and die, as do similar forms of Trypanosoma loricatum. 
But this constitutes no reason for calling all rounded forms degenera- 
tive or involutive, as has been so frequently done. The greatest 
caution must be used in applying such terms; it is chastening to 
remember that only ten years ago a flagellating malaria parasite was 
widely believed to be a degenerating form! 


Conjugation* has not been seen certainly. Possibly it does not occur 
during multiplication in Trypanosoma loricatum by the “swarm” 
cycle; but it is not at all impossible that a union of sexually 
differentiated individuals may occur at some other period.f 


It has been stated that the occurrence of a cycle (probably sexual) 
in mammalian trypanosomes ingested by tsetse flies is inherently 
improbable. The following are the points most usually cited to 
support this view :——~ 


(1) It is said that there is no need for a sexual cycle since 
trypanosomes may be transmitted for an_ indefinite period 
mechanically, from animal to animal by simple inoculation and by fly 
bites, or 


(2) that the trypanosomes may be kept for very long periods in 
cultures. 


* The word is used in its wider sense. 


+ Moore and Breinl (26) describe nuclear phenomena in 7. gamdiense which, it is 
suggested, may be explained as a sexual act. Such a self-fertilisation may perfectly 
well occur in a'parasite in addition to the conjugation or copulation of sexually 
differentiated individuals. 
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(3) That another adequate method of reproduction (now probably 
at least two) already exists. 


(4) That the contents of the intestinal canal of tsetse flies 
previously fed on trypanosome-infected animals when inoculated into 
susceptible animals does not produce trypanosome infection (nor, in the 
cases of bird trypanosomes and mosquitoes, will they produce cultures 
of trypanosomes). 


None of these arguments is valid. Since those who uphold them 
usually oppose Schaudinn’s work?! on Haemoproteus, etc., we shall 
not mention it in answering their arguments, but shall refer only to 
the work of other authors. Each objection is answered separately 
by referring to some occurrence contrary to it in the known life history 
of some other protozoon. 


(1) Human malaria can be transmitted by simple inoculation, 
Trypanosoma lewisi, Piroplasma bovis**and Haemamoeba relicta 
can be propagated indefinitely by inoculation. In all four of these 
protozoa a definite sexual process occurs when the mature parasites 
come into a favourable environment, the alimentary canal of the 
required arthropod. 


(2) Trypanosoma lewist has been successfully cultivated. 
Prowazek?? describes a sexual conjugation which it undergoes in lice: 


Although no other pathogenic protozoa have been cultivated with 
the same success as the trypanosomata, it is well known that certain 
non-pathogenic protozoa may be kept for very long periods in pure 
cultures without the appearance of any sexual forms. On the 
production of circumstances impelling them, sexual forms may appear 
in these cultures. Granting that the sexual forms are absent from, 
not merely unidentified in, the usual cultures of trypanosomes, it by 
no means follows that they may not be produced under other 
circumstances. The conditions causing their appearance are not present 
in the ordinary culture medium. For the same lack of “impelling 
causes” the periodic absence of infective sexual forms from the blood 
of infected animals is easily conceivable. The question naturally 
arises, what are the conditions “impelling” the production of sexual 


* Professor Nuttall permits us to state that he is of opinion that Piroplasma canis 
may be transmitted indefinitely from dog to dog by inoculation. He has already 
transmitted the disease in this way for more than twenty generations. 
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forms of trypanosomes? The analogy of malaria in man and of 
protozoa in cultures suggests an answer—chronic infections. * 


(3) Young malarial parasites (ring forms) divide by direct division ; 
a cycle of sporulation exists, yet there is also a sexual cycle. 


(4) These facts need only signify that the parasites were not, at 
the moment of inoculation, in a state favourable to cultivation or to 
the production of infection in a vertebrate host. 


Cocctdium schubergt is parasitic in a centipede. Infection takes place by the 
digestive canal. If an infected centipede be eaten by another, infection may be 
conveyed by almost every stage of the parasite ingested. The immature gameto- 
cytes, however, are unable to infect ; although they are in their normal host their 
surroundings are unsuited to their further development. They consequently die. 

In cover-slip preparations the malarial gametocyte is fertilized, 
development goes but little further; the surroundings are not 
favourable. Why should the sexual cycle of a trypanosome necessarily 
occur in the same medium as its asexual one? Crescents, males at 
least, adult malarial parasites, if left in man degenerate; the young 
parasites die in the mosquito. The surroundings suited to one form 
are not to the other. Why should the hypothetical sexual form of a 
trypanosome develop equally well in either invertebrate or vertebrate 


host ? 

The cited arguments proffered against the existence of a sexual 
cycle of trypanosomes in tsetse flies are contradicted by these known 
facts. What are the arguments in favour of it? They are briefly :— 

(1) The analogy of other protozoa. ; 

(2) The occurrence of parasites possessing sexual characteristics in 
the blood of infected animalst (compare 77ypanosoma dimorphon). 


(3) Prowazek’s observations on the development of 77rypanosoma 
Jewist in the rat.?2 


(4) Koch’s incomplete observations on the development of cattle 
trypanosomes in Gdossina.® 


(5) Supposedly sexual forms, somewhat similar to some of those 


* Koch (g) states that his G/lossinae only became infected and the trypano- 
somes they ingested only developed if their feed had been made on a long-infected 
animal in whose blood the parasites were scanty. 

+ The acknowledgment of the nature of these forms of course depends in some 


measure on a recognition of at least a part of Schaudinn’s work (21). They have 
been reported in many trypanosomes by many independent observers. 
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described by Koch, are reported in 7rypfanosoma gambiense ingested 
by Glossina palpalis*\7 

(0) We have observed similar forms to (5) and in one instance at 
least the fusion, we believe, of two living 77rypanosoma gambiense in 
blood from the gut of a S/omoxys. 

The arguments on neither side are conclusive, but we believe those 
to be far the stronger which support the existence of a sexual cycle 
in the life history of the mammalian trypanosomes, possibly in the 
tsetse fly. 

It is, we believe, by the most patient and long-continued observation 
of living, individual parasites in trypanosome-containing blood 
(probably freshly ingested) from the gut of tsetse flies that a definite 
answer can best be given to the whole question. The work should be 
done under natural conditions in Africa and, naturally, the observations 
on living parasites must be controlled and supplemented by the study 
of stained specimens. The observer must approach the subject in a 
receptive mood and freed from preconceptions. 


VI. CONCLUSIONS 


From the consideration of all the facts we state the following 
propositions 

Jt is known that, | 

(1) Mammalian trypanosomes may be mechanically transmitted by 
the bites of blood-sucking arthropoda. 

(2) A evcle of development of the trypanosomes exists in which 
occur spherical parasites formed by the throwing off of blepharoplast, 
undulating membrane and flagellum. These forms exist in both the 
invertebrate and the vertebrate hosts ; conjugation probably plays no 
part in the production of this form. A possibly distinct cycle is 


*These authors also describe “fly trypanosomes” occurring in the gut of 
tsetse flies which, in common with Novy (23), they consider to be entirely distinct 
from the mammalian trypanosomes. We have not seen trypanosomes, recognisable 
as other than those ingested, in the flies examined by us. In one instance, we 
found trypanosomes in the gut of a freshly-caught Glossina palpalis, but fresh 
mammalian blood was also present ; another parasitic protozoon, not a flagellate, 
was also present. These fly trypanosomes (20) have an encysted stage which leads 
Minchin to suggest that their cysts may be excreted, ingested by a vertebrate host, 
and so take part in a ‘‘contaminative cycle.” The hypothesis is a most interesting 
one. Minchin states that the sexual forms of 7. gamdiense observed in the gut of 
tsetse flies examined disappeared and after 96 hours parasites could not be found. 
Nothing “resembling a trypanosome” was found in the various parts of the fly 
examined later. Why should developmental forms or the product of the copu/a of 
trypanosomes be trypanosome-like in shape? 
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represented by the spherical parasites, consisting almost entirely of 
nucleus, which result from the disintegration of trypanosomes?® 2°. 


(3) There is reason to suspect that a sexual cycle may also 


occur; it may be in either or in both hosts. 


(4) The rapid spread of sleeping sickness cannot be fully explained 


by (1) alone; the cycles of development mentioned in (2) and (3) 
probably play a very important part in the transmission of the disease. 


RUNCORN RESEARCH LABORATORIES 
April, 1907 
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(Recetved April 20th, 1907) 


I. INTRODUCTION 


When L-uropeans first came to the Congo there were practically no 
cattle in the greater part of the central area of what is now the Free 
State. Since their advent cattle have constantly been imported from 
neighbouring African colonies.t 

They have been sent to many posts in different parts of the Congo 
with varying success. Asa rule, it is said that cattle tend to do best 
in plain country where there are no buffaloes. 


* Much of the information contained in this paper was communicated in 1904 
to the Government of the Congo Free State in unpublished reports. 


+ The natives in the highlands about Lake Kivu possess large herds of cattle. 
As a rule the Kivu cattle (Fig. 3) are rather small and have long, upstanding, 
slightly-curved horns (Bos aegyptiacus ?). Some of them are of the humped zebu 
type. The cattle in the parts of the Congo visited by the expedition! generally 
approximate to the European type. Tsetse flies are said not to be present in the 
Kivu district. Game is plentiful. The mortality among cattle taken from Lake 
Kivu to other districts is very great. From herds of 20, only two or three have 
remained on arriving at Kasongo! It was found that more cattle died in herds 
which travelled only every third day than in those driven hard. The cause of the 
mortality is therefore probably not fatigue and lack of food, but disease. Seventy- 
five head of cattle taken North from Rutshuru did well until the forest was 
entered. They then commenced to die, and at Mawambi all were dead. 
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II. EXAMINATION OF CATTLE 

We examined the cattle of only a few of the more important herds ; 
those existing at the remaining places visited are only briefly 
considered, while herds unvisited are not mentioned. 

At ZAMBIE there is a herd of about 1go cattle, all in excellent 
condition ; in 1904 there were 52 births, and no deaths from disease. 
Those in charge recognise no disease resembling trypanosomiasis. 

At the neighbouring island of MATEBA there is a herd of about 
5,000 (?) cattle ; said to be in perfect condition. The original animals 
at both Zambie and Mateba were imported from Portuguese West 
Africa (San Paul de Loanda, etc.), Walfish Bay, the Canary Islands, 
and occasionally from Europe. Both places are on low-lying grass 
plains, and tsetse flies, although probably present, were not seen 
(October, 1903), and big game was practically absent. Living animals 
are regularly sent from St. Paul de Loanda, from Mateba and from 
posts in the Lower Congo to Leopoldville for food ; two said to come 
from Mateba (?) were found to be infected with trypanosomes on 
their arrival at Leopoldville. 

The LEOPOLDVILLE herd, kept only for food purposes, is heavily 
infected % 8, 

At YUMBIE cattle have been present since 1896, but they have died 
as fast as they reproduced and the herd has not increased. The 
principal cause of death is “colic” (?).- This disease is probably 
trypanosomiasis (see below). When we saw the herd in July, 1904, 
the twelve animals present, with one or two exceptions, seemed in 
fair condition. In June, 1905, the ten animals then composing the 
herd were seen by Broden.4 They were all in wretched condition 
and three of them had trypanosomes in the peripheral blood. In 
September, 1904, six heifers arrived from Dolo (near Leopoldville). 
From October to June, 1905, there were eight deaths; all probably 
from trypanosomiasis. 

Yumbie is placed on a high grassy plain with neighbouring forest. 
Glossina palpalis and fusca (?) are present. Large game is plentiful. 

Six young cattle were brought to BASOKO from Nouvelle Anvers 
in 1898. The herd now numbers eight (only two deaths from 
accidents have occurred); they all seem to be in excellent condition. 
The herd grazes in cultivated ground surrounded by thick forest. 
Glossina palpalis present, but rare; big game not plentiful. 
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LIsENGI. No deaths recorded; cattle present for six years. 
They graze in uncultivated coffee plantations surrounded by forest. 
No buffaloes, many antelopes present. G/losszna palpalis not seen, 
probably present. 

At KIRUNDU there were a few miserable-looking trypanosome- 
infected cattle, in the hands of the natives. 

EALA, August, 1904. Before reaching Eala a report was received 
from the Veterinary Surgeon resident there, M. Bertolotti, in which he 
described an obscure disease affecting the cattle under his care. The 
symptoms resembled those of trypanosomiasis, and on examination 
we succeeded in finding the parasites in one cow (Fig. 1) in which the 
disease was well advanced (no trypanosomes were found by a single 
centrifugalisation of the blood of five other animals chosen from the 
herd for their lack of condition). The extent of the disease at Eala is 
shown by the following review of the cattle records. 

There is at present a herd of 43 cattle at Kala. These represent 
the remnants and product of 51 cattle sent here from the Lower 
Congo in May, 1901, one bull and ten cows (of these only two cows 
are still alive), and from April to May in 1902, five bulls and thirty-five 
cows (of these one bull and 26 cows are still alive). 

The great mortality amongst these animals has been almost 
exclusively due to trypanosomiasis.* Calves born at Eala (and at 
Nouvelle Anvers) have suffered specially.from this disease ; of 36 born 
at Eala only 14 are living (for example, of 15 bull calves born between 
August, 1902, and January, 1904, 12 were dead in August, 1904, of 
trypanosomiasis). Some of the young animals born here which are 
still alive are undersized and obviously ill-developed. 


Histories of the Infected Animals 


Cow No. 10.—Brought to Eala from the Lower Congo in 1902. July 23, 1904: 
Is at present extremely thin and scarcely able to move (Fig. 1). Superficial glands 
are enlarged (M. Bertolotti regards this as one of the most constant symptoms of 
the disease; diarrhoea is also a usual symptom). Blood centrifugalised ; no 
trypanosomes seen. August 5, 1904: Animal still thinner; hardly able to stand 
because of weakness ; but still has appetite and munches grass. No oedemas or 
petechial haemorrhages observed. Blood centrifugalised and prescapular gland 
punctured ; trypanosomes found by both methods. The animal was killed by 
injecting air into jugular vein and an autopsy was made at once. 


* Clinical diagnosis; the parasites were not observed in affected animals until 
July, 1904. 
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Autopsy.—Animal is very thin; muscles pale. Organs all normal, spleen not 
enlarged. Superficial lymphatic glands twice as large as normal, watery, not con- 
gested. Deep glands all much enlarged, about half of them (especially in abdomen) 
much congested—almost haemorrhagic. Examination for trypanosomes : Trypano- 
somes were found in the blood (20 to a coverslip preparation) only after centrifugalisa- 
tion (five coverslip preparations of uncentrifugalised blood were examined without 
result). They were also seen (three to a coverslip) in a preparation of gland juice 
obtained from the prescapular gland by a hypodermic syringe before the animal was 
dead; none were seen, however, in nine preparations of the juice of glands from various 
parts of the body made within one to two hours of the animal’s death. Many parasites 
were found in the deposit obtained by centrifugalising slightly turbid fluid from 
the pleural (60c.cm. present), the peritoneal (500c.cm.) and the _ pericardial 
(35 c.cm.) cavities. It was noted that the trypanosomes seen in these fluids were 
almost invariably attached to a white cell. Forty-five c.cm. of cerebro-spinal fluid 
taken immediately after death was centrifugalised and most carefully examined. 
It contained no trypanosomes and no red or white cells, but it was made slightly 
opalescent by a peculiar flocculent material present in small quantities. 


Fic. 1.—Cow, No. 10, at Eala. August 23, 1904 


Znoculations.—Two rats (Exp. 137, 138) each received 4c.cm. of blood from 
this cow intraperitoneally on July 23. Neither had become infected* on August 


*The blood of all the experimental animals mentioned in this paper was 
examined, almost daily, in three-quarter inch square fresh coverslip preparations 
until either the animal became infected or the experiment was discontinued. 
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3rd, so they were then both re-inoculated intraperitoneally, one with 5c.cm. and 
the other with 3c.cm. of a mixture of gland juice, from the same cow, and sodium 
citrate solution showing one trypanosome to five fields. 


A guinea-pig (Exp. 142) was at the same time inoculated intraperitoneally with 
4c.cm. of the same fluid. All three animals were carefully examined ; none ever 
became infected. 


The herd at Eala grazes on low-lying land surrounded by forest. 
Glossina palpalis' exists in small numbers (July, 1904). Big game 
1s scarce. 


NOUVELLE ANVERS, August 15th, 1904. At Nouvelle Anvers 
five of the thinnest of the’ 34 cattle present were examined ; two had 
trypanosomiasis. The first cattle were brought here in 1896. From 
then to 1900, 10 head (thirteen cows, three bulls) were imported from 
the Lower Congo (two from the Canary Islands). Since 1898, 48 
calves have been born ; ten have died (one from the results of abortion, 
nine from fever and unrecognised diseases), and several have been 
sent to other posts. Of the original animals twelve are dead (one 
slaughtered, 11 of insufficiently described diseases). * 

It is most important to note that seven of these animals came from 
Stanley Pool (Kinchassa), and all the animals sent from Kinchassa 
to Nouvelle Anvers have died in from one to four years after their 
arrival. At present there 1s only one animal (Bull 18, arrived March, 
1904), from Stanley Pool (Leopoldville) and it has trypanosomiasis ; 
Dr. Broden has shown trypanosomiasis to be common among cattle 
near Leopoldville. 

Though it cannot definitely be said that the animals from Stanley 
Pool did not contract trypanosomiasis at Nouvelle Anvers, it is quite 
possible that they may have been infected with trypanosomes before 
their arrival there. If this is the case the herd has contained infected 


animals since 1899 at least. Its losses since then have certainly been , 


heavy, but the percentage of mortality is smaller and the disease seems 
less virulent than at Eala., for instance, one cow born at Nouvelle 
Anvers in 1896 and another brought there from the Canaries in the 
same year are still alive and well 


STEER 17.—Born here December, 1902. In fair condition; supposed to be 
healthy ; lymphatic glands slightly enlarged.t Fairly numerous trypanosomes seen 


gradually wasted and died. Such cases are usually ones of trypanosomiasis. 


+QOne of the animals in which a most careful examination failed to reveal 
trypanosomes also had slightly enlarged glands. 


4 in blood and gland juice. 

7 *When the cause of death is ill-defined, it is usually because the animal has 
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BuLL 18.—Age, two (?) years. Imported from Leopoldville, March, 1904. In 
good condition ; supposed healthy; lymphatic glands slightly enlarged. Fairly 
numerous trypanosomes seen in blood and prescapular gland juice. 


Tnoculations.—Rat (Exp. 145) inoculated Aug. 15 intraperitoneally with 2c.cm. 
of blood from this animal ; did not become infected. 


Monkey (Cercopithecus schmidti) (Exp. 143) received 8c.cm. of blood intra- 
peritoneally, August 15, 1904. Trypanosomes appeared in its blood September 22. 
They soon disappeared, and were only occasionally seen during 1g04. During 1905 
the monkey seemed quite well, and trypanosomes were not seen in its blood, which 
was examined at intervals. On January 1, 1906, it was very ill, weak, dull and 
apathetic. A single degenerated (?) trypanosome was seen in two coverslip 
preparations. Animal died next day; immediate cause of death was miliary 
tuberculosis. 


A rabbit (Exp. 144) received 3c.cm. of blood intraperitoneally ; never became 
infected ; under observation for six months. 


The herd at Nouvelle Anvers grazes for the most part on cultivated 
land. Big game is not very abundant, but biting flies of several sorts 
(Glossina palpalis, Stomoxys and tabanids) are present. 


ROMEE, September 12th, 1904. One or two animals now present 
have been here since 1897, but the great majority of the cattle!® have 
been brought here since the end of 1902. Most of them are of Lake 
Kivu stock and came here by way of Nyangwe. A few head came 
from the Nile. Only nine deaths have occurred since March, 1903 ; all 
were cattle which had arrived in poor condition two or three months 
previously. It therefore appears that this herd does not lose so many 
animals from disease (trypanosomiasis ?) as do those at Eala and 
Nouvelle Anvers. For example none of the calves born here (first 
in 1899) have died. We were shown ten animals that had been kept 
apart from the herd of 25 head because of their lack of condition. 
Six of them (arrived at Romee, July, 1904) were examined.* Four 
had trypanosomiasis; three of these were decidedly thin and had 
enlarged lymphatic glands, the fourth had no big glands and was 
comparatively well-fleshed. All had temperatures of over 101°2°F. 
All four infected were of Kivu stock ; two had come from Stanley Falls 
and the other two were from Nyangwe. 

Three rats (Exp. 138a, 149, 151) inoculated intraperitoneally with blood from 


Cow No. 2 became infected in three, six and eight days and died in 18, 23 and 
21 days. 


* In July, 1g05, one of these animals was still living and seemed perfectly well; 
the other three had been slaughtered. 
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Two guinea-pigs (Exp. 148, 152) inoculated in the same way, one from one of 
the above rats, the other from the cow, showed parasites in twelve and fifteen 
days and died in 18 and 23 days of ruptured spleens (much enlarged and friable), 
in one case after slight violence. 


A rabbit (Exp. 147), weight 5lb., became infected in nine days. Parasites 
were at first numerous ; they then became scanty and were only seen from time to 
time until January, 1905. None were seen after this. Death from pneumonia 
October 21, 1905. Spleen not enlarged, firm (5 x °8 x -6cm.), capsule thickened. 
None of glands much enlarged. Animal very fat. 


Monkey (Cercopithecus ?) (Exp. 146), weight 5% lb. Inoculated September 13, 
1904, with blood from one of the rats ; showed trypanosomes in its blood three and 
six days later and never again. Death from pneumonia December 16, 1905. 
Spleen slightly enlarged (5 x 3 x 1°5 cm.), firm ; glands not enlarged ; animal fat. 

The herd grazes on high, wooded, cultivated grounds. Small 


antelopes are not uncommon. GJdossina palpadlis is rare. 


LOKANDU, October 21st, 1904. Sixteen head of cattle present. 
In January, 1902, there were 23; since then 13 have been sent away 
(nine to Romee) and three have died. In only two of the deaths were 
symptoms resembling trypanosomiasis present. 

We examined eight heads; five had trypanosomiasis. Three, all 
infected, of those examined were calves born here. All were thin, had 
dry noses, much-enlarged glands (to 3 by 4 by 10 cm.) and slight 
temperatures (101°5°F.). 

In two of them there were distinct patches of oedema in the loose 
skin of the throat. Five of those examined were adult cows imported 
from Nyangwe or Kasongo. All were in fair condition; only one had 
enlarged glands. This one, and one other in whom there was no 
glandular enlargement, had trypanosomiasis. The one with enlarged 
glands had a temperature of 106°8°F. Trypanosomes were seen in 
small numbers in the blood of only three of these five infected animals. 
They were seen in much larger numbers in the gland juice in each 
case. 


Inoculations.—A guinea-pig (Exp. 153) was inoculated intraperitoneally on 
October 22, 1904, with 7c.cm. of blood, from one of the calves, containing three 
trypanosomes to a coverslip preparation. It was examined carefully until January, 
1905, but trypanosomes were never seen. 


These cattle had scanty pasture in coffee plantations surrounded 
by forest. Antelopes and Glossina palpalis not uncommon. 

SENDWE, November 5th, 1904. Four head of cattle were sent 
here from Kasongo in 1900. The two bulls imported died soon after 
their arrival, so the remaining animals were sent away to Matampas. 
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In May, 1904, eight head passed through on their way to Romee. 
Two died here; only four reached Romee alive (we examined none 
of them for trypanosomes). In May, 1904, ten heifers on their way 
to Romee arrived here by Kasongo from Lake Kivu. They were not 
in good condition ; but this was at the time explained by a two months’ 
stay at Kibombo- poor pasture. A month after arrival they 
commenced to die, and in three months five were dead. All had the 
same symptoms, “gradual wasting and loss of vigour.’ The 
remaining animals seemed in fair condition, but all of the four 
examined had enlarged glands (see Fig. 2) and temperatures (to 
104°4°F.). Three of them had trypanosomiasis. Some of them were 
later sent to Lokandu. 


iG. 2.—CAL¥F at Sendwe; to show enlarged gland. 


The pasture at Sendwe is.poor; Glossina palpalis and big game 
are plentiful. 

NYANGWE, November 14th, 1904. A herd, now numbering about 
60 head, has been here since the end of the Arab war (1894). It is 
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largely made up of captured cattle, the majority of which probably 
came from the neighbourhood of Lake Kivu. The cattle are at 
present in splendid condition. Since 1900, 45 calves have been born. 
During the same period there have been only five deaths, none of them 
from any disease resembling trypanosomiasis. 

The country surrounding Nyangwe is high, grassy plain. The 
herd never grazes further than one and a half miles from the post 
and never goes near a swampy area towards the South. The country 
about Nyangwe is thickly populated and extensively cultivated. There 
is, therefore, little large game in the neighbourhood. Tsetse flies 
were not seen anywhere about the post nor on the plains where the 
cattle graze. They were seen, however, along the river bank a mile 
and a half further South. 

The blood of 20 cattle chosen because they were less plump than 
the remainder of the herd was examined; gland puncture was done 
in 17 in which the glands were sufficiently large. Trypanosomes 
were not found. 

KASONGO, November 25th, 1g04-—~April 27th, 1905. There is a 
herd here of about 260 cattle. Many of them were collected by the 
Arabs; additions have been made by the whites. The animals 
reproduce well and the herd has been largely increased by local 
births ; deaths from diseases are very rare. Its original members 
were probably largely from Lake Kivu. Some probably came from 
the Eastern and Southern shores of Lake Tanganyika. Very few, if 
any, were ever brought directly from Katanga, far to the South, cr 
from Lusambo, in the West. 

One hundred of the cattle were examined for trypanosomiasis 
during our stay at Kasongo, five were found to be infected. All five 
were found in the first twenty-two examined. This is noteworthy, 
since the thinnest animals were taken first. All the animals were 
examined in the same way and each was gone over but once. 
Preparations of gland juice and blood were examined and _ the 
temperature was taken in each case. 

The infected animals were kept under observation for several 
months. The rareness with which parasites were seen in them during 
this period (see charts) strongly indicates that many cases remained 
undetected by our examinations, and therefore that the proportion 
of cattle infected is much more than five per cent. 


{ 
} 
i 
‘ $ 
: 
if 
4 
if 


242 


ZILANI No. 8 (Nov. 15, 1904).—A young cow, born at Kasongo. She is rather 
- thin and the natives say she is ill; but there is no oedema, staring of the coat, 
&c. Largest prescapular gland 12~%5cm., largest femoral gland 9x 3cm. Try- 
panosomes were found in gland juice, not in blood (see Chart I). Inoculations 
(see below, page 243). 


MoruMA No. 33 (Nov. 25, 1904).—A young cow, born at Kasongo. Apparently 
quite healthy. Prescapular gland 12 x 5 em., soft; femoral 6 x 3 cm. Trypano- 
somes present in blood and gland juice. The course of the disease is given by 
Chart II up to February 8. From then to April 19 (observations ceased) the 
temperature varied, without any sudden changes, between ro1?F. and 104°F. 
Blood and gland juice were examined at intervals ; parasites were seen during this 
period by gland puncture, only on March 16. 

Inoculations.—Monkey (Cercopithecus schmidti) (Exp. 175), January 11, 1905. 
Inoculated intraperitoneally with 18 c.cm. blood showing one trypanosome to cover; 
under observation until February 8 (when inoculated with spirochaetes) ; never 
infected. 


KEOWKOSIKO No. 60 (Nov. 25, 1904).—Cow, born here. It is in fair condition, 
perhaps slightly thin. Prescapular gland measures 10 x 5cm., femoral 8 x 2cm. ; 
both are soft. Chart III shows the course of the disease up to February 17. From 
then to March 9g the temperature continued in the same way and parasites were 
only seen on March 8, 9, 10. The temperature became irregular and rose constantly 
until 105° F. was touched on March 22 (no trypanosomes in blood). The tempera- 
ture then became lower and no parasites were seen in blood or gland juice up to 
April 18, when they were in the blood in small numbers. Observatians ceased. 


Lipoko No. 29 (Nov. 30, 1904).—Fair condition; glands slightly enlarged. 
Trypanosomes present in gland juice, absent from the blood. As is seen by Chart 
IV, the parasites were never again seen in this animal. 


YoLo No. g (Dec. 1, 1904, Fig. 3).—A steer, adult, born at Nyangwe, has 
been here for three years. Prescapular gland is 15 x 5cm.* and soft; femoral is 
10 x 2cm., soft and moveable. Trypanosomes were seen in gland juice and not in the 
blood. The course of the disease up to April 14, when the animal was killed for 
the autopsy, is indicated on Chart V. 


Autopsy.—The animal was killed by injecting air into the jugular vein. The 
examination was commenced immediately after death. No subcutaneous fat or 
oedemas; muscles dark. Abdomen contained 4o00c.cm. clear fluid; mesenteric 
vessels very turgid, omentum and retroperitoneal tissues oedematous. Thorax: 
pleurae contained no fluid, pericardium 300c.cm. Between diaphragm and base 
of pericardium there was a layer of oedematous tissue 1 cm. in thickness. The fat 
about base of heart and along its vessels was brownish-canary-yellow in colour 
and was very oedematous, as was also the connective tissue of the posterior 
mediastinum. None of the organs showed any striking macroscopic change (spleen 
weight 1% 1b., substance firm). Marrow of long bones yellow. Lymphatic 
glands: Just before death the prescapular gland was excised. It was surrounded 
by a capsule of oedematous connective tissue *75 cm. thick ; it measured 11 x 6cm. 
All the glands were enlarged and all were firm but distinctly ‘‘ watery,” so that the 
fluid followed the knife. The larger glands in all parts of the body were pale 
with darker cortex. Some of the smaller ones (1:5 x%1cm.) along the small 
intestine, at the base of the mesentery (2 x 3cm.) and about the bronchi and trachea 
1cm.) were congested or haemorrhagic. Immediately after death lumbar 


* The measurements given for these glands are of course estimates, and include 
the capsule. This gland when excised on April 14, 1905, actually measured 11 x 6cm. 
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puncture was done at about the sixth vertebra with a four-inch needle. About 
4c.cm. of clear fluid was obtained. Fresh preparations of the following organ 
juices and body fluids were examined, juice from the prescapular, mesenteric and 
tracheal glands, liver, spleen, marrow from long and short bones, blood, pericardial 
and cerebro-spinal fluid. Parasites were only seen in the gland preparations. 

Inoculations.—Dog* (Exp. 227), April 13, 1905. Inoculated intraperitoneally 
with about 150 c.cm. of defibrinated blood from the jugular vein. Died December 
12, 1905 ; no autopsy. No trypanosomes seen. 


Dog (Exp. 229), April 13, 1905. Inoculated as above with g2c.cm. of blood. 
No trypanosomes seen until December 1, 1905, when killed because of mange. 
Dog (Exp. 229), April 13, 1905. Inoculated as above with 150c.cm. blood. 


Killed because of mange, December 1, 1905. Trypanosomes were never seen in the 
blood. 


FIG. 3.—STEER, Yolo, at Kasongo. Note emaciation. The type of horns 
and tendency to hump indicate a Lake Kivu origin. 


Experimental Inoculations at Kasongo 


Most of the animals inoculated at Kasongo were so frequently 
re-inoculated that it has seemed best to treat the majority of them 
under a separate heading. 


* The dogs used in all these experiments were native ones bought at Kasongo. 
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Rat (EXPERIMENT 132), July 6, 1904. Inoculated with buffalo blood (Bos nanus) ; | 


never infected. (Exp. 221) April 3, 1905. Inoculated with 5 c.cm. blood from Yolo 
showing four trypanosomes to cover. Died August 20, 1905 (no autopsy). Never 
infected. 

Rat (EXPERIMENT 133), July 6,1904. Inoculated with buffalo blood; never infected. 
November 8, 1904, re-inoculated (8c.cm.) with buffalo blood. (Exp. 222), April 3, 
1905, re-inoculated with 5 c.cm. blood from Yolo showing four trypanosomes to 
cover. September 8, cataract in one eye, blood in anterior chamber of the other. 
December 8, TRYPANOSOMES FIRST SEEN IN BLOOD. December 15, died, blood 
swarming with trypanosomes. Glands and spleen enlarged, organs otherwise 
healthy. 

Rat (EXPERIMENT 134), July 6,1904. Inoculated with buffalo blood; never infected. 
(Exp. 177) January 11, 1905, re-inoculated with 12c.cm. from Motuma showing one 
trypanosome to a cover; never infected. (Exp. 223) April 3, 1905, re-inoculated 
with 5c.cm. blood from Yo/o showing four trypanosomes to a cover ; accidentally 
killed November 4, 1905. No trypanosomes nor signs of trypanosomiasis seen in it 
or in a rat sub-inoculated from it. 

Rat (EXPERIMENT 135), July 6,1904. Inoculated with buffalo blood; never infected. 
(Exp. 224) April 3, 1905, re-inoculated with 5c.cm. blood from Yolo showing four 
trypanosomes to cover ; never infected. Died of skin disease, October 13, 1905. 

Rat (EXPERIMENT 139), July 27,1904. Inoculated with 8 c.cm. blood from antelope; 
never infected. (Exp. 169) December 27, 1904, re-inoculated with 7-5c.cm. of 
mixed blood and citrate solution from J/oiuma showing four trypanosomes to 
cover ; never infected. March g, 1905, re-inoculated with 5c.cm. of blood from 
Keowkosiko. March 21, 1905, re-inoculated with 5c.cm. of blood from Zzlani. 
April 14, died from mechanical effects of inoculation with large amount of blood ; 
no autopsy ; never infected. 

Rat (EXPERIMENT 140), July 17, 1904. Inoculated with 8c.cm. of blood from ante- 
lope; never infected. (Exp. 168) Dec. 27,1904, re-inoculated with 7°5 c.cm. of blood and 
citrate solution from /oiuma showing four trypanosomes to a cover; never infected. 
March 9, 1905, re-inoculated with 5c.cm. blood from Keowkosiko. March 21, 1905, 
re-inoculated with 5c.cm. blood from Zz/lanz. April 3, 1905, re-inoculated with 
s5c.cm. blood from Yolo. April 13, 1905, re-inoculated with 5c.cm. blood from 
Yolo. Never infected* up to September 19, 1905, when it escaped. 

Rat (EXPERIMENT 170), December 27,1904. Inoculated with 2°5 c.cm. blood show- 
ing four trypanosomes to cover from Motuma ; FIVE TRYPANOSOMES TO COVER WERE 
SEEN IN ITS BLOOD next day and not again. March 9g, 1905, re-inoculated with 
4:25c.cm. blood from Keowkostko. March 21, 1905, re-inoculated with 5c.cm. 
blood from ZiZanz. April 13, 1905, re-inoculated with 33c.cm. blood from Yolo. 
THREE TRYPANOSOMES TO A FIELD were seen in its blood on April 21, and not again. 
Died February 5, 1906; no trypanosomes seen at autopsy ; all organs normal save 
spleen which was slightly enlarged and fibrous. 

Puppy (EXPERIMENT 219), April 3, 1905. Inoculated with 1oc.cm. of blood from 
Yolo. April 5, 1905, re-inoculated with 10 c.cm. of blood from Ziz/anz. April 13, 1905, 
re-inoculated with 125c.cm. of blood from Yolo. Under observation until stolen 
at Boma. Trypanosomes never seen. 

Monkey (Cercopithecus schmidti) (EXPERIMENT 220), very young. April 3, 1905, 
inoculated with 7°5c.cm. blood from Yolo. April 5, 1905, re-inoculated with 5 c.cm. 
blood from Zz/anz. April 13, 1905, re-inoculated with 12:5c.cm. blood from Yolo. 
Died of sunstroke May 10, 1905 ; parasites never seen. No trypanosomes or signs 
of trypanosomiasis at autopsy. 


* See charts for number of parasites present in blood inoculated. 
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Through the kindness of Commandant Verdick the four infected 
cattle which remained when we left Kasongo were kept apart from 
the herd at Kasongo. After our departure the animals were left quiet, 
and there was a consequent amelioration in their condition. While 
we were there they were driven twice daily from their kraal to our 
laboratory and back-——a distance of about one and a quarter miles. 
The fatigue of these journeys and the time last through them from 
grazing had certainly an adverse influence. Mozuma and Keowkostko 
both calved. All the animals were in excellent condition in 
September, 1905. They were then sent to Lokandu, where there is a 
great deal of cattle trypanosomiasis and where Glossina palpalts is 
far from rare, in order to ascertain whether they would resist exposure 
to re-infection. (It must be remembered that the pasturage at 
Lokandu is not nearly so good as at Kasongo). The steer, three cows 
and two calves reached Lokandu on November, 23rd, 1905, in 
excellent condition. A calf died in December after twenty days of 
manifest diarrhoea. One of the adults died after a “slow wasting” 
and great weakness early in 19060. In August, 1906, two of the four 
remaining animals were very thin and seemed ill; the remaining two 
are still under observation. The Chef de Secteur at Lokandu, in 
conveying this information, reports that the “health of the herd at 
Lokandu is excellent.” 


The cattle at Kasongo graze on a wide plain intersected by several 
streams which have occasional clumps of bushes along their banks. 
Glossina palpalis are very, very rarely found about the grazing 
ground, and large game practically never comes near it. 


TSHOFA, May 15th, 1905. There was formerly a herd here of 
some fifty cattle, which was intended to be used for supplying 
bullocks for work on the waggon road between Tshofa and Pania 
Mutombo. As the animals were not doing well, all, save fourteen 
which were obviously ill, were sent to Lubefu. Of that fourteen only 
eight remain; two were killed by a leopard, four died of a chronic 
disease characterised by general loss of condition and constant 
diarrhoea, with straining and small watery stools; there were no 
oedemas nor lack of appetite. Between June, 1901, and May, 1904, 
about thirteen animals were said to have died here of this disease. 
Almost all the calves born or brought here have died of it, and the 
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only animal present which was born here is affected by it (trypano- 
somes seen). 


The majority of the cattle brought to Tshofa came from Lusambo. 
Cattle have been sent from the Tshofa herd in 1902 to Kisenga and 
in 1904 to the Tanganyika, Moero and Lubile districts. Three out of 
five animals whose gland juice and blood were examined had 
trypanosomiasis. 


There was good pasture in open country at Tshofa, but Glossina 
palpalis and large game were very plentiful. 


CABINDA, June 3rd, 1905. Before the advent of Europeans, some 
of the important chiefs in this neighbourhood had small herds of ten 
to twenty cattle. Cattle did not do well; many died of diarrhoea, and 
there were no large herds. At present a few head are kept here for 
vaccine making. They come from Portuguese West Africa by way of 
Angola and from as far South as Dilolo. We are told that the Dilolo 
natives buy cattle from the Zambesi valley. The blood and gland 
juice of six animals were examined once; trypanosomes were not 
seen. 


LUSAMBO, June 2Ist, 1905. Nearly all the Lusambo cattle come 
by way of Malange and Luluabourg from Portuguese West Africa ; 
formerly herds of a hundred head were brought in by this route to be 
exchanged for slaves. It is said that the animals were used for food 
and were not kept for breeding. The records of the Lusambo cattle 
are very badly kept,* but deaths from disease seem to have been 
rare among them. Six of the thinnest animals were chosen and their 
blood and gland juice were examined once. Trypanosomes were seen 
in one of them. About six cattle were sent from this herd to Kutu on 
Lake Leopoldville II in 1902-1903 ; all died within a short time. It 
is said that the cause of death was trypanosomiasis. 


* This fault was a very usual one. The system of brands used for marking the 
cattle was also inadequate. It was consequently often impossible to identify an 
animal or to learn its past history. As a result it was often impossible at a station 
to estimate the incidence of disease in the past or to determine the origin of 
infected animals. It is evident that much valuable information would be obtained 
through the institution of careful systems of recording and identifying cattle. 
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III. OBSERVATIONS ON TRYPANOSOMES IN OTHER DOMESTIC 
ANIMALS 


Horses, Mules and Donkeys: Comparatively few of these 
animals have been brought into the part of the Congo Free State 
visited by us. Some were seen in apparently good condition at the 
following places: various localities in the Lower Congo, Leopoldville, 
Eala (three horses and a foal from Dakar present for fifteen months, 
not worked), Coquilhatville (donkeys present four to five years), 
Bamamia, four donkeys (one present for eight years), constantly worked. 
Nouvelle Anvers, a few horses here were in good condition when we 
saw them in 1904 and were still well in June, 1905. Umangi (three 
horses, a mare from Teneriffe present for five years), Lisengi (two 
horses present for six years). At Nyangwe there is a small drove of 
donkeys. None of the above animals were examined. At Kasongo 
no trypanosomes were seen in two mules and a donkey; these three 
animals had journeyed considerably in the Eastern part of the Congo 
Free State. 


In July, 1904, Commandant Sillye bought two stallions near Dakar in Senegal. 
They were then in excellent condition, and were six and twelve years old. He 
brought them to the Congo and took them on a hard journey from Kasongo almost 
to Lake Tanganyika ; from this journey they returned unloaded to Kasongo, where 
we saw them on January 14, 1905, after they had had a fortnight’s rest. Both 
animals were thin, but this was thought to be due to fatigue and bad pasturage. 
There was (Fig. 4), as in the Gambian horses (6), slight abdominal fulness without 
definite oedema. Both had rough coats from lack of grooming and were infected 
with ticks, fleas, chiggers, trombidium larvae and numerous bots. In addition both 
showed the weals of many recent fly-bites. If the animals were left to themselves 
they dropped their heads and certainly seemed to lack vigour. 

The temperature of both was about 101° F. and their glands were slightly enlarged. 
The only sign of oedema ever noticed in either horse was a swelling of the scrotum 
in one in October, 1904. The conjunctivae were pale and watery in both. 
Trypanosomes were present in good numbers in the blood of both horses. The 
animals were relieved of the bots, chiggers, ticks and trombidia (lotion of bichloride 
of mercury) and were given arsenic in the form of Fowler’s solution. At the end 
of January they reached Romee, where they were turned to pasture and the arsenic 
was discontinued. For two months both put on flesh. Then the older one became 
- rapidly thinner and very weak; the appetite remained good. It died April 17, 
1905, after a very profuse perspiration (6). On September 14, 1905, the remaining 
horse, though comparatively thin, seemed in fair health and fed well. The scrotum 
was often swollen. 

Inoculations.—Rat (Exp. 180). Inoculated January 14, 1905, intraperitoneally 
with a mixture of blood, from the older of the two stallions, and citrate solution, 
showing 15 living trypanosomes to a cover. Parasites appeared in its blood next 
day and were never absent until it was accidentally killed on March 21. 


Autopsy.—Spleen much enlarged (6°25 x 1°5 x +75cm.), soft, friable ; glands all 
slightly enlarged. 
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Rat (Exp. 181). Inoculated as in Exp. 180. Parasites appeared January 31; 
constantly present till it died of the disease September 24, 1905. 


Guinea-pig (Exp. 179). Inoculated as in 180; not infected. March 10, 
re-inoculated with 1-5 c.cm. blood from Exp. 180 showing 30 trypanosomes to field ; 
infected in five days. Parasites constantly present till death from sunstroke, June 
18, 1905. 

Autopsy (immediately after death)—Dependent part of abdominal wall firm, 
water-logged ; vulva oedematous ; spleen soft (5 x 2°5cm.); glands not enlarged. 
Animal well nourished. 


Guinea-pig (Exp. 178). Inoculated as in Exp. 180; not infected. Re-inoculated 
as in Exp. 179. Trypanosomes in blood in six days, and constantly present until 
death from the disease on September 17, 1905. 


Fic. 4. STALLION infected at Kasongo. Note slight fulness of abdomen. 


A donkey about seven years old, also belonging to Commandant 
Sillye, was examined on January 14th, 1905. This animal probably 
came originally from Uganda. Since 1902 it had been constantly 
worked and had just returned from the same journey as the horses. 
It was very fat and apparently in the very best of health. A few small 
“tadpole-like ” trypanosomes were seen in its blood. Although hard 
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worked it remained in apparently robust health until the end of June, 
1905, when it was accidentally killed. 


Goats seem to thrive almost everywhere in the Congo. 
Sheep are present in few places, but they usually do well. 


None of the score of goats and sheep examined by us were 
infected with trypanosomes. Broden reports trypanosomiasis in sheep 
at Leopoldville.# 


3 


IV. TRYPANOSOMES IN BIG GAME 
MSWATA. 


Antelope (adult Zvagelaphus scriptus), very scanty stumpy 
trypanosomes in blood; retro-peritoneal glands deeply haemorrhagic, 
otherwise apparently healthy. 


Rat (Exp. 130), June 26, 1904. Inoculated with 3-5c.cm. blood. Trypano- 
somes seen in its blood only on July 5. Died (cause, exposure ?) July 24; no 
trypanosomes or signs of trypanosomiasis at autopsy. 


TSHUMBIRI. 

Buffalo (Bos nanus, two adults). Both fat, and save for a caseous 
retro-peritoneal gland in one, apparently healthy. No trypanosomes 
found in blood. 


Four rats (Exps. 132, 133, 134, 135) (see Inoculations at Kasongo, page 243) 
were inoculated with from 5 to 4c.cm. of blood; none of them became infected. 
COQUILHATVILLE. 

Antelope (young Cephalophus dorsalis ?), no trypanosomes in 
blood. 


Inoculated two rats (Exp. 139, 140) (see Inoculations at Kasongo); never 
became infected. 
STANLEYVILLE. 

Antelope (adult Cephalophus dorsalis ?). Gland juice and blood 
examined ; no trypanosomes seen. Prescapular gland, enlarged ?, 
4 by 3 by 2 cm, cortical congestion of it and retro-peritoneal glands. 


LOKANDU. 
Two antelopes (Cephalophus dorsalis ?) gland juice and blood 


examined ; no trypanosomes seen. The blood and gland juice of an 
adult buffalo were examined and with its blood a rat (Exp. 133) was 
re-inoculated ; trypanosomes were not found. 
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KASONGO. 

Three antelopes (adult males, 77agelaphus scriptus). 

1. Shot four hours previously, no trypanosomes in gland juice or 
blood. Prescapular gland 6 by 3 cm., iliac glands haemorrhagic. 

2. Shot three hours previously. Trypanosoma theilerz in blood. 
Inoculated rabbit and two guinea-pigs with blood; none became 
infected with any trypanosome. 

3. Shot three hours previously ; no trypanosomes in gland juice, 
many in blood. Abdominal glands much congested and enlarged. 


Inoculated from Antelope No. 3.—Guinea-pig (Exp. 188). Inoculated January 
28, 1905, with 1-5c.cm. of blood showing three trypanosomes to field ; not infected. 
April 19, re-inoculated with 2c.cm. mixed citrate solution and blood from Exp. 189 
showing one trypanosome to field ; June 19 infected ; trypanosomes were constantly 
present until animal’s death from pneumonia on August 30, 1905. Spleen 
3x x *75 cm. normal ; glands congested, not much enlarged. 


Guinea-pig (Exp. 189). Inoculated with 2:5c.cm. of blood as in Exp. 188; 
infected February 6, parasites constantly present in large numbers until death from 
pneumonia, August 30, 1905. Spleen large (6 x 3 x 1°5 cm.), soft, friable, congested; 
glands enlarged and congested. No trypanosomes were seen in blood just before 
death or in organ juices ; present in gland juice. 

Rat (Exp. 190). Inoculated with 2°5c.cm. blood as in Exp. 188; not infected. 
April 19, re-inoculated with 2°5c.cm. mixture as in Exp. 188; April 25, trypano- 
somes present, but were not again seen. Animal escaped June 19, 1905. 


Rat (Exp. 191). Inoculated and re-inoculated (April 19) as in Exp. 190 ; infected 
May 1. Parasites constantly present until it died of pneumonia September 19, 1905. 


Young guinea-pig (Exp. 230). Inoculated April 19, 1905, with 2c.cm. blood 
from Exp. 189; infected May 6. Many parasites constantly present until death 
from the disease, July 6, 1905. 


On the journey from Kasongo to Lusambo the blood of the 
following animals was examined by cover-slip preparations: four 
Tragelaphus scriptus, one Canis anthus, six Hippotragus equinus, 
one Bos nanus (ten antelopes, a jackal and a buffalo). Trypanosomes 
were seen in none of them. : 


V. MORPHOLOGY OF THE TRYPANOSOMES 
(a) Trypanosomes of caitle 


The trypanosomes seen in stained preparations of blood from the 
cattle, horses, antelopes and their sub-inoculations, are so nearly 
identical that one description will suffice. Slight variations and 
peculiarities will be mentioned separately. 

Three types of trypanosomes were found corresponding closely to 
the description of Trypanosoma dimorphon as given by Dutton and 
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Todd. The first of these is a very short form resembling the 
“tadpole” form. It measures between 8 and 14m in length (most 
commonly I1 to 12°5) by from o’g to 3°4 in breadth (average 1°5). In 
this type the trypanosome is widest slightly posterior to the nucleus, 
and then gradually tapers towards the anterior end. The posterior 
extremity presents all gradations in shape from acute to rounded ; 
most commonly, however, it is rounded. The anterior extremity 1s 
efhlated. The blepharoplast is small, round or oval, and is situated 
close to the posterior end and at one edge of the trypanosome. In 
most of the parasites the undulating membrane could not be seen; in 
those in which it was visible, it was extremely narrow. The thickened 
edge of the undulating membrane is poorly marked and in all cases 
ends abruptly with the anterior end of the trypanosome. A free 
flagellum is absent. The nucleus lies in the middle third, and as a | | 
rule occupies the whole width of the body. It is oval, and either stains 1 ii 
quite homogeneously or is composed of a varying number of darkly- 
staining chromatin granules (5 to 17) arranged in no definite manner. 

These granules were not joined by connecting threads as far as could i 
be made out. In only a very few cases could a structure suggesting a 

karyosome be seen. ‘The cytoplasm stains a light blue and appears to 

be quite homogeneous. It was usually devoid of granules, but in some : oe 
cases contained them. 


The second type is allied to the “stumpy” form.® It measures 
from 15 to 20m in length (average and from 1°5 to 2°54 in breadth 
(average 2u). It also lacks a free flagellum or, at most, has an 
exceedingly short one. In other respects it does not differ materially iat 
from the description given above. 


— 


The third type resembles the “long” form. It measures from . 

20 to 30m in length (average 23 to27u) by from 1°2 to 2m in breadth 
(average 1°5 to1°7u). The nucleus is rather elongated in the direction 
of the long axis of the body and as a rule stains quite intensely and 
homogeneously. This form has a fairly long free flagellum which 
measures from 2°5 to 6'5u in length. The posterior extremity is 
rather acute and the blepharoplast is situated farther away from it 
than in the other two types. In other respects it is comparable to the 
two other varieties. 
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EALA. 

The trypanosomes observed, with one exception, are of the “ long ” 
type, with a well-defined free flagellum. The exception measured 
14u In length by ‘gu in breadth, and conforms in all respects to the 
“tadpole” type. In these parasites the blepharoplast was of 
comparatively large size. Parasites of the “ long ” type in the process of 
longitudinal division were seen in preparations of the peritoneal fluid. 
In fresh preparations this trypanosome moved so rapidly that it was 
extremely difficult to keep it in the field of the microscope. By its 
rapid movement this parasite recalls the description of 77ypanosoma 
vevax by Ziemann.2° We are, however, satisfied that it is the “long” 
‘form of 7rypanosoma dimorphon. 


NOUVELLE ANVERS. 

The parasites conform to the description of the “ tadpole ” variety. 
One trypanosome of the “stumpy” variety, measuring 19°2 by I'Qu, 
was also found. In the one sub-inoculation the trypanosomes did not 
show any changes. 

ROMEE. 

The parasites are of the extremely short “tadpole” variety. In 
the direct sub-inoculations the parasite preserved the same 
characteristics with considerable constancy. In two cases (Exps. 148 
and '151), in addition to the very short forms, trypanosomes 
corresponding to the “stumpy” forms made their appearance. The 
same holds good with regard to the second passage. This fact is of 
some importance. Dividing forms of the usual longitudinal type were 


observed in all the sub-inoculations. 


LOKANDU. 

Trypanosomes of the first two types (the “ tadpole ” and “ stumpy ” 
forms) were found in these cattle. The short “tadpole” forms were 
very much more common than the “stumpy ” type. 


-SENDWE. 

The parasites agree in all respects with the “tadpole” type. The 
examination was rather restricted, however, as the parasites were very 
scanty and only a few preparations were available. 


KASONGO. 
In the cow, Mozuma (No. 33), the trypanosomes are of the third, 
the “long,” type, and possess a well-marked flagellum. In many of 
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these parasites a large vacuole was seen immediately in front of the 
blepharoplast. In this parasite the blepharoplast was comparatively 
large, and recalls the trypanosome seen at Eala. 


In the other cattle, Zz/anz (No. 8), Yolo (No. g), and Keowkosiko 
(No. 60), the trypanosomes are of the “tadpole” variety. In Yolo, 
however, one parasite was seen of the “long” type with free flagellum 
and comparatively large blepharoplast. The further history in sub- 
inoculations of the trypanosome derived from Yo/o is of great 
importance in its bearing on the identity of these cattle trypanosomes. 
In the rat (Exp. 222), inoculated from Yolo, all three types were 
found. Of these the “ stumpy ” type, measuring from 15 to 18uin length, 
was most abundant. In the subsequent passage this differentiation 
became more pronounced. The very short forms, measuring up to 
14m 1n length disappeared, but the other two types persisted. The 
number of “long” forms increased with the progress of the disease, 
as was noted by Dutton and Todd in the case of 77ypanosoma 
adimorphon (8, page 37). 

The remaining two types can still easily be distinguished in 
experimental animals. The “long” form is more plentiful, is slender, 
and has a rather acute posterior extremity. The flagellum is fairly 
long and is actively motile, whipping from side to side with great 
vigour. The movements of the whole trypanosome are active and 
progressive. The trypanosomes of the “ stumpy ” type are rather broad 
and have a blunt posterior extremity. They move slowly, twisting 
round on themselves, then straightening out again, and so on. Asa 
rule they maintain the one position and do not move from place to 
place. The undulating membrane moves sluggishly, and there appears 
to be no, or, at most, a very short, free flagellum. The body of the 
trypanosome is itself contractile. When buried between corpuscles 
the movements of both forms become appreciably slower. 


(6) Trypanosomes of the Kasongo stallions 


In the younger horse the parasites were identical with the 
“tadpole” forms as observed in the cattle. Unfortunately, no sub- 
inoculations were made from this animal. 


In the second horse, “ Toul,” the trypanosomes were of the second 
(“stumpy”) and third (“ long ”) types as seen in the cattle. The “ long” 
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forms with free flagellum were in the majority. In both types the 
cytoplasm often contained small reddish granules, which were most 
frequently observed in the posterior half of the body. In some thirty 
sub-inoculations with this strain the trypanosomes of both types have 
been constantly present. At the inception of the disease the “ stumpy ” 
forms are much more abundant, but as the affection proceeds the 
“long” type assumes the preponderance. In the monkey sub-inoculated 
a few of the “ tadpole” forms were observed. 


In fresh preparations the two types can be very easily distinguished. 
The long, slender form has a long flagellum and moves very rapidly, 
lashing in and out among the corpuscles. It progresses for a short 
distance, then stops, and in a few moments moves on again. It 
often moves fairly rapidly across the whole field. Occasionally it 
adheres to a corpuscle, and after twisting and lashing about for a short 
time breaks free and moves off. While the parasite progresses with 
the flagellar end in front as a general rule, it occasionally moves 
backwards for a short distance. The second form is broader and 
shorter than the first, and is much more sluggish in its movements. 
These consist chiefly of doubling and twisting of the trypanosome 
on itself. It does not progress far, but remains pretty constantly in 
the one spot. The undulating membrane and flagellum are very 
poorly developed in this variety. In contradistinction to Dutton and 
Todd,® dividing forms, of the usual longitudinal type, were seen 1n 
this “ stumpy ” type. 


(c) Antelope trypanosomes 


In the antelope (Zragelaphus scriptus) killed at Mswata 
trypanosomes corresponding to the “tadpole” type were seen, but 
were very scanty. In the one sub-inoculation the parasites retained 
this type. Dividing forms of the usual longitudinal type were 
observed. 


In the antelope at Kasongo the trypanosomes were of the second 
(“stumpy ”) and third (“long ’) varieties as found in the cattle. In 
the sub-inoculated animals these two types persisted; the stumpy — 
forms being in the majority in the preparations examined. It was 
impossible to study this parasite fully, since the animal in which it was 
brought to England was accidentally killed and the strain was lost. 
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VI. ANIMAL REACTIONS OF THE TRYPANOSOMES 
(a) Trypanosomes of cattle 


The slight infectivity for laboratory animals of the trypanosomes 
in the majority of the cattle found infected is very striking. It is only 
at Romee that experimental inoculations were at all successful. No 
morphological variation in the parasites was noted to accompany this 
difference in virulence. All the parasites seen agree with the types 
already described. The results of inoculation of various laboratory 
animals with the trypanosome obtained from Yo/o0, Steer g at Kasongo 
through rat (Exp. 133) are briefly given. 


MONKEYS (2). 


Two monkeys, a A/acacus rhesus and a Cercopithecus sp ? were inoculated 
intraperitoneally with small quantities of infected blood (o°5 and 2c.cm. respec- 
tively). Trypanosomes were never seen in the Macacus, although it was carefully 
examined every day. It died 72 days after inoculation, from general tuberculosis. 
Parasites were found in the Cercopithecus on the second day after, but were only 
present in the peripheral circulation for two days ; they then disappeared and were 
never seen up to the time of the monkey’s death, some six weeks after inoculation. 
The monkey had a rise in temperature to 104° F. while trypanosomes were present 
in the blood, but afterwards did not have a recurrence of the fever. A rat was 
sub-inoculated from this monkey on the day of its death with 11c.cm. of almost 
pure blood, but has not become infected up to the present, 80 days after inoculation. 


RABBITS (3). 

The incubation period varies considerably, from four to sixty-nine 
days, the usual time being about three weeks. The disease tends to 
be very chronic in these animals, as is strikingly exemplified by the 
following experiment :—— 3 


A rabbit was inoculated subcutaneously on May 3, 1906, with 4c.cm. of 
infected blood and became infected 25 days later. The trypanosomes were present 
in scanty numbers for a week and then disappeared from the peripheral blood. 
Since June 4, 1906, they have never been seen, although the rabbit has been under 
continuous observation. On July 31, two rats were sub-inoculated from the rabbit, 
and both became infected after an incubation period of between two and three 
weeks. On November 12, 1906, another rat: was sub-inoculated from the rabbit 
and became infected two weeks later. Finally another rat was sub-inoculated on 
January 30, 1907, and became infected after a prolonged incubation period of 47 
days. It will thus be seen that the blood is still infective after the lapse of eleven 
months. It is said that unfavourable conditions, as lack of food, render animals 
particularly susceptible to trypanosomiasis and may cause a declaration of latent 
infection. In order to test this hypothesis this rabbit was placed on a very restricted 
diet from December 1, 1906, to the middle of February of this year. During this 
time it decreased in weight from 2,790 grm. to 2,075 grm. ‘Trypanosomes were never 
seen in the blood, however, and as stated above a rat sub-inoculated at the end of 
January became infected only after a prolonged incubation. The temperature 
remained normal throughout. 
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Rabbits do not show any symptoms, but remain quite healthy and well- 
nourished. “The trypanosomes are never very plentiful, and usually show 
periodicity. Two rabbits which died had extensive coccidiosis, and their death in 
less than four months after inoculation was probably due to this secondary 
infection. 


Post-mortem.—The spleen is slightly enlarged and rather congested. The 
lymphatic glands are usually quite pale, firm, and only very slightly enlarged. 


GUINEA-PIGS (3). 


The incubation period is prolonged and the disease is also of long duration— 
up to 139 days. The animals remain quite healthy and the temperature does not 
rise during the disease. The trypanosomes are rather scanty at first, but before 
death occurs they increase in number and may finally be fairly plentiful. At the 
autopsy of those dead of the disease the spleen is found to be enlarged and rather 
soft. The lymphatic glands are increased in size to a slight extent and are quite 
pale in colour. 


RATS (14). 

Rats are rather susceptible to the disease. The incubation period is short, 
from five to fourteen days. It is interesting to note that in the rat sub-inoculated 
directly from the steer (Yo/o No. g) trypanosomes were not seen until the lapse of 
249 days. When once established, the disease runs a chronic course as a rule, 


lasting for from 4o to 254 days. The usual length is about 80 days. The parasites 
are scanty, but usually increase in numbers before the animal’s death. Periodicity 


is marked ; the parasites may be absent from the blood for two or three weeks. 


The mode of inoculation has no influence on the incubation period. Large doses 
may cause the parasites to appear a little sooner than they otherwise would, but 
rats inoculated with such doses do not die any more quickly than those inoculated 
with small doses of infected blood. The quick passage of the trypanosome through 
a succession of rats (six) did not increase the virulence in any way. 


Post-mortem.—The spleen is enlarged, congested and rather firm. The 
lymphatic glands are slightly larger than normal, and are quite pale and firm. 
The other organs show no changes. 


MICE (2). 


As in rats, the incubation period is short, about four days, and the disease is 
chronic. One mouse is alive 219 days after inoculation and still infected. The 
trypanosomes are always scanty, and may be absent from the peripheral blood 
stream for many days—78 on one occasion. The post-mortem changes are similar 
to those found in rats. 


It will thus be evident that most of the common laboratory animals 
are susceptible to the infection. Mice and rats are most easily infected, 
guinea-pigs least. The disease is chronic and lasts for a comparatively 
long time. It produces few or no symptoms and the trypanosomes 
are usually present in but small numbers. The strain is not very 
virulent, and resembles in this the strain derived from the horse. 


(6) Horse trypanosomes 


The animal reactions of the strain derived from the second horse, 
Toul, are epitomised briefly below. 
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MONKEYS (2). 


Two monkeys were inoculated, a baboon (Pafpio anudis) and a Macacus rhesus. 
The baboon, inoculated intraperitoneally with 5c.cm. of blood showing one 
trypanosome in from one to five fields, never became infected. The AMacacus, 
inoculated subcutaneously with 2c.cm. of citrated infected blood, became infected 
after an incubation period of six days. At the same time the temperature rose to 
105°4°. Unfortunately the further temperature chart is not of much value, as the 
monkey developed tuberculosis. The trypanosomes showed periodicity in their 
appearance and disappearance in a marked degree. The parasites were scanty at 
first, but became more numerous in the course of a couple of days and were 
afterwards present in fair numbers. The monkey died 107 days after inoculation, 
and at the autopsy the spleen and liver were found to be filled with tubercles. On 
the other hand, the lungs appeared quite normal. The lymphatic glands were not 
enlarged. 


Docs. 

One puppy was inoculated subcutaneously with 1c.cm. of citrated blood from 
a rat, and twelve days later trypanosomes were found in the peripheral circulation. 
The parasites have been periodic in their appearance and have never been present 
in large numbers. At the time of the first appearance of the parasites there was a 
slight rise in the dog’s temperature, but since that there have been no further { t 
increases corresponding to the appearance of trypanqsomes in the peripheral 
circulation. The dog is quite healthy and presents no symptoms whatever. It is : 
still living, 76 days after inoculation. 


RABBITS (5). 
Five rabbits have been inoculated with varying doses of infected blood. The 
incubation period varies from eleven to twenty-nine days; most usually it is about 
two weeks. The trypanosomes are periodic in their presence in the peripheral 
blood and are usually rather scanty just before an increase in numbers. One 
rabbit only, showed in a marked degree the symptoms usually found in trypano- : 
somiasis—emaciation, loss of hair with following ulceration of the skin, oedema of : 
the external genitals and the base of the ears, increased secretion from the nostrils, 
conjunctivitis, haemorrhages into the anterior chambers of the eyes, panophthal- 
mitis and blindness. The animal also became very anaemic and there was a 
diminution in both the number of red cells and the percentage of haemoglobin. 
All the others showed no symptoms. The disease is very chronic in rabbits, and ;: iS 
lasted 173 and 178 days in the two which died from the disease. Two other rabbits 
died early in the disease from intercurrent affections. The fifth rabbit is still 
alive, 76 days after inoculation. There was no marked rise of temperature when sj 
the rabbits first became infected. 
At the post-mortems of the animals dying of the disease enlargement of the 
spleen and lymphatic glands was the most noticeable feature. The lymphatics 
were pale in colour and were rather firm in consistence. The spleen was congested 
and rather soft. 


GUINEA-PIGS (10). 
Guinea-pigs appear to be most resistant. The incubation period varied between ‘ 
seven and fifty-two days, six weeks being the average time. The disease, when once 
established, is of long duration ; death ensued in from 46 to 352 days, about go 
days being the average. Two are still alive, 76 days after inoculation. Trypano- 
somes are still present in both. In a few of the guinea-pigs the parasites were 
continuously present from the date of their first appearance in the peripheral . 
circulation until the animal’s death. They fluctuated in numbers, however. In the er 
majority periodicity was noticeable. Occasionally parasites were absent from the ! 

peripheral blood for long periods, e.g. 34 and 67 days. 
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No symptoms of any sort are noticeable in guinea-pigs. The virulence of the 
strain was not increased by successive passages through three guinea-pigs ; the 
incubation period and the duration of the disease were not affected. The tempera- 
ture chart does not reveal any rise during the course of the affection. The 
trypanosomes are usually rather scanty, but before the death of the animal they 
may increase in numbers until they are fairly plentiful. 

At the autopsy a more or less marked enlargement of the spleen was seen. 
The organ was congested and rather soft. The lymphatic glands, as a rule, were 
unchanged, though in a few instances they were slightly enlarged and in one case 
haemorrhagic. The other organs appeared normal. 


RATS (10). | 

Rats are rather susceptible to the disease. The incubation period varies 
between one and forty-one days ; as a general rule it is about four to six days. The 
duration of the disease varied from nine to 253 days, usually about 70. In the 
acute cases the parasites are present continuously until death, and are usually 
fairly numerous. In the chronic cases periodicity is observed and the trypano- 
somes, when present in the peripheral circulation, are usually in small numbers. 
Increase in the virulence of the strain was not obtained by passage through a 
succession of four rats. Sub-inoculations made from other experimental animals 
became infected in approximately the same time. 

Post-mortem.—The spleen is enlarged and is congested and soft in consistence. 
Haemorrhagic infarcts were seen in one case. The lymphatic glands may or may 
not be enlarged. The enlargement is usually slight when it is present. The 
glands are pale and rather firm. The other organs normal. In one case subpleural 
petechiae were observed. 


MICE (2). 


As in rats, the incubation period is short, in our experiments about two days. 
The disease is chronic and lasts for months—as long as five. When first present 
the trypanosomes are very scanty. They disappear in a few days and may not be 
seen again in the peripheral blood for weeks. In one case they were absent for 
fourteen. They reappear before death and increase in number until the animal 
succumbs. . 

Post-mortem.—The spleen is very much enlarged, congested, dark purple in 
colour, and rather soft in consistence. The lymphatic glands are not enlarged. 
The other organs appear normal. 


In general, the trypanosome is not very virulent. The incubation 
period is prolonged and, while the disease has always terminated 
fatally, death only ensues after the lapse of a comparatively long 
interval. The low degree of virulence is also manifested by the lack 
of symptoms and the absence of heightened temperature in the 
experimental animals. Efforts to increase the virulence by successive 
passages through any one species of animal (four passages) or through 
an alternation of animals, e.g., guinea-pigs, and rats (three of each) 
were without result. The parasites are scanty, as a rule, and in the 
more chronic cases exhibit periodicity in’a very marked degree. 

In the following sections the cattle trypanosomes in the Congo 
Free State are treated as a whole. 
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VII. DIAGNOSIS 


An absolute diagnosis, of course, depends upon the demonstration 
of the parasite. The charts of the Kasongo cattle show that every 
means may frequently fail to show the parasites in infected animals. 
Of all the methods gland puncture was the most successful. In 
thirty consecutive examinations, at which parasites were detected 
either in the gland juice or in the blood, gland'puncture was successful 
twenty-nine times, the examination of cover-slip preparations of blood 
thirteen times; on one occasion trypanosomes were present in the 
blood and were not seen in the gland juice. The same precautions 
must be taken in puncturing the glands of cattle as in those of men.® 
The records of the animal inoculations (particularly at Kasongo, 
page 243) show that the animals we employed frequently remained 
uninfected after the inoculation of large quantities of blood containing 
living parasites. As a diagnostic test the sub-inoculation of laboratory 
animals was therefore often less sensitive than the examination of 
cover-slip preparations of blood. 


If we except the cattle at Romee (seven laboratory animals, all infected), the 
bovine trypanosomes (i.e., first passages) were remarkable for their slight virulence 
in direct inoculation. Of twelve rats, four guinea pigs, two rabbits, two monkeys 
and four dogs inoculated at various stations, only one rat ever became infected. 
It is noteworthy that at present sub-inoculations into ordinary laboratoty animals 
of the strain derived from this rat are always successful. The virulence of this 
trypanosome in direct inoculations therefore seems to have increased for the 
animals employed. The original strains of trypanosomes obtained from the 
antelope and from Commandant Sillye’s stallion at Kasongo were much more 
virulent in the first passages. . 


No idea was formed of the absolute efficiency of gland palpation 
as a diagnostic test. In the animals found to be infected the 
superficial lymphatic glands were usually considerably enlarged ; some 
of them, not advanced cases, however, had no evident glandular 
enlargement. Many of the animals examined once, and not found to be 
infected, had glands as large as, or larger than, those seen in the 
infected animals (this was especially so at Kasongo). 

In the Gambia® it was noted that a heightened temperature 
furnished a valuable indication of possible trypanosome infection in 
horses. Charts I, II, III, IV and V fully confirm this observation ; 
but a high temperature observed once in an animal just thrown after 
a struggle in the sun has but little value. In such circumstances 
temperatures of from 101°5°F. to 103°F., or more, were noted in 
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animals carefully examined for parasites without result and believed to 
be healthy. 

The enormous difficulty of demonstrating the presence of parasites 
in animals known to be infected is well illustrated by the observations 
at Kasongo. The importance of a well-kept temperature chart is 
shown by Liboko (Chart [V), whose temperature was constantly 
elevated, although parasites were seen but once. 


Animals suspected of trypanosomiasis for any reason should be isolated ; their 
temperature should be regularly and quietly taken; their gland juice and blood 
should be frequently examined, and laboratory animals should be sub-inoculated 
from them with doses of 1oc.cm. of blood. An examination of this type extending 
over some months is necessary before an animal can even tentatively be said to 


be uninfected. 


VIII. SYMPTOMATOLOGY 


The symptoms are given in the order of their importance. Fever 
is practically always present. Listlessness, with progressive weakness, 
emaciation and anaemia are usually present. A tendency to diarrhcea, 
with small frequent watery stools, and enlargement of superficial 
lymphatic glands* are frequently striking features. Oedemas and 
running from the eyes and nose were seen 1n only one or two instances. 
Haemorrhages, eye lesions, staring of the coat and loss of hair were not 
observed. The appetite remains good to the end. In the autopsies 
done the enlargement of the lymphatic glands was by far the most 
striking feature; the glands were either pale and very watery 
(particularly superficial glands) or congested and haemorrhagic 
(particularly abdominal or mediastinal glands). Oedemas were very 
rare, exudates were scanty, the spleen was not enlarged. We saw no 
petechial haemorrhages of serous membranes. On the whole, these 
findings are identical with those of Broden.* 


IX. COURSE OF THE DISEASE 
The disease is sometimes exceedingly chronic, and the infected 
animal may live for many months. (See Exps. 143, 146, 133, pages 
238, 239, 244, and below). 
If marked wasting continues death usually follows in both cattle 
and horses within a few weeks or three or four months. Occasionally 
an animal at this stage if well cared for will recover flesh, and the 


* We are unable to say exactly how long after infection enlarged glands become 
apparent. We are inclined to think that it may be a comparatively late 


manifestation. 
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infection resumes the latent form. As is evident from the observations 
in many places, domestic animals may live an apparently normal life 
in districts where trypanosomiasis is rife; some infected animals 
may live for years in apparent health in such districts (see below). 


The following observations are interesting in this connection. 
The history of Horse VI suggests that animals naturally infected with 
Trypanosoma dimor phon may sometimes recover, but are not immune 
to re-infection. 


A stallion, Horse VI (Ref. 6, page 30), found naturally infected in the Gambia 
was brought to England. During two and a half years there were occasional rises 
in temperature, trypanosomes were occasionally seen, and its blood was infective to 
rats and mice (7). The temperature then became more regular, its blood was no 
longer infective, and parasites could not be found. In October, 1905, the super- 
ficial lymphatic glands were just palpable and too small to be punctured. During 
the winter of 1905, the animal became thin, &c., but trypanosomes were not seen. 
During the whole of 1906 the animal was healthy, its temperature was normal, and 
trypanosomes were absent from its blood. The glands remained too small to be 
punctured. From time to time inoculations were made into susceptible animals 
as follows :— 


July 23, 1906. A white rat, inoculated subcutaneously with 7¢c.cm. blood. As 
it had not become infected it was re-inoculated on August 14 with 18c.cm. almost 
pure blood. It died on the sth of September without having become infected. 
Cause of death was pneumonia. 


October 23, 1906. A guinea-pig received 17c.cm. of blood subcutaneously and 
died February 2, 1907. Trypanosomes were never seen, and at the autopsy all the 
organs appeared quite normal. On the same day a rat was inoculated with 1oc.cm. 
of blood. It died on November 5, 1906, from pneumonia ; never infected. 


January 15, 1907. A guinea-pig was inoculated subcutaneously with 20c.cm. 
almost pure blood, and two rats with 20 and 15c.cm. respectively. They have been 
carefully followed to date but have never become infected. 


From all these points we believe this pony had recovered from a natural 
infection by Z. dimorphon. 


On the 21st of January, 1907, the pony was inoculated intraperitoneally with 
5c.cm. of infected citrated blood from a mouse infected with Z. dimorphon. This 
was followed between the 6th and goth of February by a rise in the animal’s 
temperature, highest 102°5°, and again after a few days intermission to 103-29 on 
the 16th. With these exceptions the temperature has been since about 100°. 


On February 16, two rats were sub-inoculated from the pony with 17¢.cm. of 
blood each. One of these became infected on the 6th of March and died six days later 
with numerous trypanosomes. The second rat became infected on the rsth of 
March and died on the 28th, also heavily infected. In both the spleen was very 
much enlarged. The trypanosomes were of the usual dimorphon type (‘ stumpy” 
and ‘‘ long ”’ forms). 


In addition to the rise in temperature the pony lost its appetite and appeared 
sick. It lost weight for several weeks, but is now recovering. The blood was 
carefully examined every day but without result ; trypanosomes have never been 
seen. The glands were palpated from time to time, but have shown no 
enlargement. 
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The following experiments indicate once more that animals | 


inoculated in the laboratory with 77ypanosoma gambiense may recover 
from the consequent infection. The connection between these and the 
preceding observations is evident. Their bearing on the question 
whether human trypanosomiasis is invariably fatal is most important. 


I. A brown stallion was inoculated in the Senegambia (6) from a case of 
human trypanosomiasis. For the earlier history consult Memoir XVI (7) of this 
School. In October, 1905, the animal appeared to be quite healthy ; no enlarge- 
ment of the glands was present, and no trypanosomes could be found in the blood. 
Its temperature was always normal. Sub-inoculations from it were made as follows : 


November 12, 1906. A guinea-pig was inoculated subcutaneously with 17 c.cm. 
of almost pure blood. It was accidentally killed on the 31st of December. 
Trypanosomes were never seen. On the same date a rat was sub-inoculated with 
1oc.cm. Trypanosomes were never seen at any time. The rat died on February 4, 
1907, from acute enteritis. 


January 16, 1907. A guinea-pig and two rats were inoculated with 20, 17 and 
zoc.cm. of pure blood respectively. The guinea-pig and the first rat are still 
alive and have never become infected. The second rat died on the 11th of 
February from an extensive skin disease. 


This series of experiments pointed to the fact that the pony had entirely 
recovered from the infection by Zrypanosoma gambiense. On January 21st it was 
re-inoculated subcutaneously with 7c.cm. of citrated, infected blood, showing one 
trypanosome to one to five fields, from a guinea-pig infected with Zrypanosoma 
gambiense. This, however, had no effect. The temperature has been taken twice 
daily for the past year; there has been no rise, even after the inoculation. The 
animal remained in good health ; retained its appetite and did not lose weight. The 
pony was most carefully examined day by day, but trypanosomes were never seen. 


On March 15 two rats were sub-inoculated, receiving 30 and 25 c.cm. 
respectively of almost pure blood. Up to date they have not become infected. On 
March 20 the pony was again inoculated intraperitoneally with 25c.cm. of infected 
gambiense blood showing numerous trypanosomes. For a few days afterwards there 
was slight auto-agglutination of the cells, but trypanosomes have never been seen. 
As in the first instance, no rise of temperature or other morbid symptoms have been 
noticed. The experiments are still in progress. 


II. A donkey was inoculated in 1904 (7). Since the fall of 1905, the animal 
has been in perfect health. No enlargement of the glands, or trypanosomes, have 
ever been noticed. On January 16, 1907, a guinea-pig (z0c.cm. pure blood) and a 
rat (20c.cm.) were sub-inoculated, but up to date have not become infected. On 
January 21 the donkey was inoculated subcutaneously with 7c.cm. of blood from 
a guinea-pig infected with 7. gamdbiense. No rise in temperature or other symptom 
followed. For a few days the red cells showed auto-agglutination, but trypano- 
somes were never seen. On March 15 two rats were sub-inoculated from the 
donkey with 35 c.cm. of pure blood each. Both are still alive and have not become 
infected. On March 20 the donkey was re-inoculated intraperitoneally with 25 c.cm, 
of blood containing 7. gamdzense (one per field), but without result. No symptoms 
of any sort are apparent. The donkey is still under observation. 


III. The cow inoculated by Thomas and Breinl (7) was under observation 
until June, 1906, when the animal passed out of our hands. It was in good health 
all the time. No trypanosomes were seen and the glands were not enlarged. 
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IV. A monkey (Cercopithecus) was inoculated May 17, 1904, with blood from 
a sleeping sickness case. She showed trypanosomes in her blood June 13; they 
were seen at intervals up to June 13, 1905, and not again. The animal died 
August 5, 1905, from miliary tuberculosis; no trypanosomes were seen at the 
autopsy. (This experiment is reported merely for its interest, as showing a chronic 
infection by gambiense in a monkey.) 


X. CONCLUSIONS DISCUSSED 

A. Cattle trypanosomiasis probably exists everywhere in the 
Congo Free State. Broden* is also of this opinion. Since large 
game and GJossina are practically omnipresent! (perhaps with the 
exception of high land about Lake Kivu) it seems possible that it 
should be so; at all events, trypanosomes were found in every herd 
examined save those at Nyangwe, Cabinda and Lusombo. That the 
cursory examinations made at these places might easily have failed to 
detect infected animals is certain (see charts). 

B. The causative trypanosome is piobably identical with 
Trypanosoma dimorphon. Three ways of identifying trypanosomes 
are at present recognised ; all of them are lable to error. They are 
(1) {he morphology of the parasite in infected animals and in 
cultures.* Cultures have been made of very few of the African 
trypanosomes, and were not used in the present instance. (2) Animal 
reactions. (3) Cross inoculations. 

(1) Morphology. It is well known that the form and dimensions 
of all trypanosomes may vary more or less, but when an unknown 
trypanosome varies in exactly the same way as does a known 
trypanosome (compare the Congo parasites we describe and 
Trypanosoma dimorphon) their variations become a strong proof of 
identity. And this especially in the present case, since no trypanosome 
of domestic animals shows such wide divergencies in form as does 
dimorphon. 

All the forms seen may be approximated to the three types of 
Lrypanosoma dimorphon as described by Dutton and Todd. At 
Eala, where the cow was suffering from an acute exacerbation of the 
disease, the “long” type were almost entirely seen, but one “ tadpole ” 
form was observed. At Romee, where the disease was chronic, only 


* Koch’s observations on Trypanosoma brucei and T. gambiense in the alimen- 
tary canal of Glossina suggest a realization of Schaudinn’s proposal that an 
accurate classification and differentiation of various haematozoa would come with 
a fuller knowledge of their life cycles in either or both of their hosts. (Koch. 
Ueber die Unterscheidung der Trypanosomenarten. Sitzungsberichte der K6niglich 
preussischen Akedemie der Wissenschaften, XLVI Sitzung vom Nov. 23, 1905.) 
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the “tadpole” type was found. In the sub-inoculations, however, 
“stumpy ” forms made their appearance. At Lokandu the “ tadpole ” 
and “stumpy ” forms were seen. At Kasongo “long” forms were seen 
on one cow, and “tadpole” forms in the others. In one of these a 
“long” form was also observed. The “stumpy” and “long” types 
was also seen in the antelope at Kasongo. Dutton and Todd 
described the “tadpole” as being present at the beginning of the 
disease, while the other forms of the parasite appeared later.® 

It seems quite probable that the “tadpole” forms are really often 
present in chronically infected animals and that they give place to the 
“stumpy ” and “long” forms, as the disease becomes more acute, in 
either the original host or in sub-inoculated animals. That this is a 
probable explanation is supported by several observations in the 
present paper. For example, the history of the parasite as observed 
in the case of YoZo (p. 253), where we have the change from the minute 
form to the other two types in the sub-inoculations. The similar change 
seen by Broden® in the case of his sheep and its sub-inoculation is of 
interest in this connection. Broden states that in the animals sub- 
inoculated from the cattle at Yumbi, the trypanosomes preserved the 
characteristics of those seen in the original animals. This observation 
seems to conflict with the explanation we have just given. He does 
not state definitely that forms with a free flagellum were absent, and 
from the fact that he compares some of his forms with the hyaline 
ones of Bradford and Plimmer which had a free flagellum, it seems 
possible that one was also present in some of the trypanosomes he saw. 
In this connection it 1s interesting to note that he observed only the 
“petite” forms in the cattle at Eala, whereas we saw both the “ tad- 
pole” and the “long” forms. The occurrence at the same time of 
trypanosomes of more than one of the types in several of our animals 
certainly also seems to point to the infection being caused by only one 
trypanosome rather than by two or more. 

(2) Animal Reactions. The virulence of various strains of 
trypanosomes (in the laboratory) may vary greatly. The effects of a 
parasite on experimental animals can therefore only be taken as a 
general indication and cannot be accorded specific value. A parasite 
can only be said roughly to be highly, fairly, or slightly virulent. 
With Zrypanosoma dimorphon the Congo parasites come under the 
-second class. 
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The variation in virulence observed in the various strains of cattle, horse, and 
wild game trypanosomes found in the Congo is certainly not sufficient to suggest that 
more than one species of parasite was present. 


(3) Cross Inoculation. This method depends upon the belief 
that an animal which has acquired immunity* to one trypanosome can 
only be re-infected by a trypanosome of a different species. We 
believe that this method is open to many fallacies, especially because 
of the enormous difficulties of applying it. (a, 4, c). 

(2) Experiments and observations of many authors show how 
extremely difficult it is to be certain that an animal has definitely 
recovered from a trypanosome infection. Cases of known infection 
often arise in which every means of demonstrating the parasite may 
fail.t 

(6) For the same reasons an animal may become infected without 
the infection being detected. 

(c) Our observations on Horse VI show that an animal may be 


twice infected by the same parasite. 


Laveran (17) infected a rat with Z. gambiense which had recovered a year 
previously from a previous inoculation. Martin (15) records somewhat similar 
experiences with a sheep and a goat. He states that ‘‘ une méme trypanosome peut 
revétir des virulences variables et une forme attenuée ne vaccine point contre la 
forme exaltée,”’ basing this on the work of Koch and Martini. This complicates 
the question of the identity of any one trypanosome, and shows that additional caution 
must be observed in placing too much reliance on the results of cross inoculations. 
It is altogether probable that the immunity in trypanosome infections is quite 
comparable to that seen in other protozoal diseases such as malaria and spirochaete 
infections, i.e., Only a relatively active and not an absolute immunity is obtained. 


Although most authors, in describing a newly-discovered trypano- 
some, have found it difficult to say to what species their parasite 
belongs, the majority of the trypanosomes, other than 7rypanosoma 
eguiperdum, reported in domestic animals in Africa, seem to be of the 
type of either 7. drucez or 7. evanst. For example,?° Baleri as described 
by Cazalbou, Jinja cattle disease found by the members of the Sleeping 
Sickness Commission in Uganda, Kidei as described by Sanders, 
Aino found in Somaliland, El] Debab found by Sergent in camels in 
Algeria, Mbori affecting animals in French Soudan, Souma described 
by Cazalbou, and the trypanosome described by Roger and Greffulhe 
in horses in Algeria. 


*In our hands the serum reactions dependent upon such “immunity” have 
proved unreliable. 

+ This point cannot be too strongly insisted upon. It must be especially 
remembered by those engaged in experimental work on the treatment of trypano- 
somiasis. 
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The animal trypanosomes we found in the Congo approach 
Lrypanosoma dimorphon most nearly in morphology and animal 
reactions. On these grounds we identify them with that species.* 


Broden (3) believes that there are two varieties of trypanosomes, at least, in 
the Congo. One of these, corresponding to our “ tadpole’’ forms, he calls 7’. congo- 
/ense, while the other he assimilates with Z’. vivax, described by Ziemann in the 
Cameroun. At Leopoldville he found a cow with the two varieties of trypano- 
somes. From the fact that in the sub-inoculations he found only. parasites 
corresponding to his small forms, he concludes that the animal was suffering from 
a double infection. It is possible that the explanation suggested above may apply 
in this case. Broden also remarks, in considering the identity of the small form, 
that Dutton and Todd were unable to discover their trypanosome in Gambian 
cattle. That their examinations were insufficient has been demonstrated by 
Captain A. G. Todd, A.V.C. (13), who has since found trypanosomes in these 
animals. 


In the Soudan, Balfour (14) found a trypanosome in cattle which bears 
considerable resemblance to the ‘‘tadpole”’ type found in the Congo. Five animals— 
two monkeys, two rabbits and a dog—were sub-inoculated with small quantities of 
blood, but trypanosomes were never seen in any of them. As the author states, the 
number of experiments is too small for any dogmatic opinion to be given as to the 
non-susceptibility of these animals. It should be again noted here that of many 
animals inoculated from cattle by us only one rat became infected.  Balfour’s 
trypanosome was named 7°. nanum by Laveran. Is it not possible that further 
work on this parasite may show that it is merely the tadpole form of 7. dimorphon? 
In addition to cattle, Balfour found mules infected, but in these the trypanosomes 
were frankly of the 7’. dimorphon type (stumpy and long forms). In these the long 
slender trypanosomes have a free flagellum. 


In French Guinea Martin (15) found that most of the domestic animals suffered 
from one of two trypanosomiases. Of these, the most frequent was due to 
Trypanosoma dimorphon, and it is interesting to note that in a sheep the trypano- 
somes had a long free flagellum, thus once again bearing out Dutton and Todd’s 
observations. In sub-inoculations, however, the flagellum was lost as in Dutton 
and Todd’s strain of 7. dimorphon. Another interesting point is that in cattle Martin 
noted that occasionally on/y one type of the parasite was present, most often the 
long form. 


Quite recently Laveran (16) has described a trypanosome found in sheep 
coming from Ségou on the Upper Niger. This trypanosome presents many of the 
characteristics of 7’. dimorphon, but from the fact that a sheep which had recovered 
from the disease, and had afterwards resisted a second inoculation of the same 
strain, became znfect?ve when inoculated with Zrypanosoma dimorphon, Laveran 
concludes that it is a separate species, and accordingly names it 7 rypanosoma 
pecaudi. 


Trypanosoma congolense, Trypanosoma nanum and Trypanosoma 
vivax, at least, of other African trypanosomes, present marked 
afinities with 7rypanosoma dimorphon. lf they are identical the 
distribution of 77ypanosoma dimor phon is very wide. 


* At this juncture it is well to consider the variations in form and virulence 
described by Koch (20, page 121) to occur in 7. dbrucez. 
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C. The transport of cattle from place to place should be 
forbidden as far as possible. 

Apparently healthy animals may be infected with trypanosomes. 
It is easy, therefore, to understand the dangers which he in moving 
cattle. An infected animal might easily introduce a new, and perhaps, 
therefore, a more dangerous source of infection into a herd where the 
disease does not exist or is present only in a modified form. 

Or, again, animals may be introduced into an infected, perhaps 
apparently healthy herd, as at Kasongo, only to die of trypanosomiasis. 


For example, Kivu cattle brought to the banks of the Congo; Lower Congo 
cattle taken up the river to Eala. Broden (3) reports that healthy cattle brought 
to Galiema from Dolo, about six miles away, became infected with trypanosomes. 
Glossina palpalis and big game occur about both places; the possibilities of 
infection are equal at both. He suggests that the Dolo cattle, which had no 
immunity against the Galiema trypanosome, may have been immune to another or 
perhaps merely a less virulent trypanosome occurring at Dolo. We are in entire 
agreement with him. 


The cattle from Kasongo which we had sent to Lokandu (page 245) were in 
splendid condition. It seemed probable that they were more or less immune to 
the Kasongo trypanosome and would live for many months. Out of six animals 
sent, two were dead and two obviously ill within nine months of their arrival at 
Lokandu. 


If for any reason, e.g., breeding purposes, it is absolutely necessary 
to move one or two head of cattle, they should be carefully examined 
for a considerable period (months) before commencing their journey. 
While travelling every precaution should be taken to preserve them 
from fly-bites. On arrival at their destination they should be isolated 
and not drafted into any existing herd until a second examination of 
some months’ duration has been completed. 


D. Special care must be taken in the choice and main- 
tenance of posts for cattle-raising in areas where trypanoso- 
miasis is liable to occur. 

In the parts of the Congo visited, cattle did best in open plain 
country, where tsetse flies (Glossina palpalis) and big game 
(antelopes and buffaloes) were rare and pasturage good. 

As Bruce first showed, big game are often infected with trypano- 
somes; their wholesale destruction in the neighbourhood of cattle 
has therefore been frequently advised. To rid a herd of other sources 
of infection, the infected animals existing in it must also be destroyed. 


Nothing is said here concerning treatment. The results presented in another 
paper (page 275) are, however, quite promising enough to cause our method of 
treatment to be given a careful trial in trypanosome affections. 
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Since the blood of infected animals remains infective for some time 
after their death, and since some flies (Stomoxys and Glossina’) 
capable of transmitting the disease, will feed on dead animals, great 
care should be taken to prevent flies from reaching any part of animals 
slaughtered because of trypanosomiasis. The Gossimae haunt thick 
bush or grass situated near collections of water; cattle should be 
kept in clear areas.! S/omoxys breeds in dung; the kraals should be 
kept scrupulously clean. 


E. Game, as well as native African cattle and other 
domestic animals, may sometimes acquire a tolerance of 
certain strains of trypanosomes. 


The African big game is usually said to be immune to trypano- 
somes. Tolerant would perhaps be a better word. A buffalo, zebra 
and antelopes inoculated with Nagana in Europe have died of the 
disease.2 This “immunity,” therefore, does not extend to every 
member of these species, and must be acquired by individuals. 
Adult, apparently healthy antelopes (and other wild animals) which 
are infected with trypanosomes are frequently killed. Because of the 
percentage* of animals infected and the abundance of biting flies, it is 
certain that a young antelope is infected with trypanosomes for the first 
time very soon after it is born, and that it will continue to be frequently 
re-infected during the whole of its life. The parasites so frequently 
found in large adult wild animals, therefore, represent either a new, 
recent re-infection or an original infection of long standing. In either 
case the animal has grown up normally, in spite of trypanosome 
infections; 2/ zs /olerant of the parasites. It seems probable that 
the course of trypanosomiasis in African domestic animals may some 
times be of a similar type. 

At Kasongo trypanosomes were seen in 5 per cent. of cattle. The percentage 
actually infected is certainly much larger ; yet this herd is increasing. There ‘were 
no deaths in it from disease during our stay at Kasongo, and the cattle were in 
splendid condition. 


Trypanosomiasis is common and often fatal among Gambian horses (6). But 
two horses in the Gambia found to be infected with Trypanosoma dimorphon in 


* Bruce found 22°9 per cent. infected in South Africa. In the Congo two 
Tragelaphus scriptus (eight examined) were the only animals infected among 22 
large mammals examined. It must be remembered that all these animals were 
examined by methods admittedly fallacious. The percentage of wild animals 
infected must therefore be considered to be much higher. 
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December, 1902, were still alive, apparently healthy, and were constantly worked 
in November, 1906.* 

The first part of the history of Horse VI is another instance of tolerance of 
trypanosome infection. 

As will be gathered from the notes on the animals present at various posts 
in the Congo, individual cattle, horses, &c., seem to be resistant, since they live 
for some years in places where the disease is of a very severe type. Cattle are 
susceptible to inoculation with Trypanosoma dimorphon, yet at many places in the 
Gambia, at Cape St. Mary for example, large herds of cattle in splendid condition 
graze over the same ground as the horses. (Captain Todd found trypanosomes 
in Gambia cattle, and he states that it is a not infrequent cause of death.) 

From all these facts it is not unreasonable to suppose that, like the game, 
domesticated animals may thrive in spite of actual trypanosome infection and 
exposure to constant re-infection. 

It was a “‘tolerance”’ of this sort which Schilling had in mind when he spoke 
of a “symbiosis” of trypanosomes with their mammalian hosts (18). He describes 
cattle which have apparently recovered from infection with Z'ryfanosoma brucet. 
His later publications (19), we believe, simply confirm his former opinion 
expressed in (18). 

Malaria in African natives forms a striking parallel to this conception. 
Children suffer severely from the disease.t Those who survive have parasites 


constantly in their blood until they become adult, and even then they are not 


infrequently infected, and may have short attacks of fever. 


An animal long infected with trypanosomes may have short 
attacks of fever, with the appearance of numerous parasites in the 
blood, and afterwards completely recover its former tolerant status 
(Horse VI). From the fact that adult antelopes are sometimes heavily 
infected with trypanosomes, it seems likely that there may be recrude- 
scences of the disease in the same way in them. From the conditions 
obtaining in the Gambia, where “ sleeping sickness ” has been endemic 
for many years, it seems probable that man may acquire a similar 
tolerance of 7rypanosoma gambiense (', page 23). Almost nothing 
is known of the causes which may make the latent form 
of infection in animal or man virulent, and so produce the 
death of the individual host or an epidemic of trypanosomiasis in 
places where it was formerly sporadic ('°, page 319), (5, page 27). 
Such an effect might conceivably be produced by (a) a diminution in 
the resistance of the host, or by (4) an increase in the virulence of the 
parasite. (a) Epidemics of sleeping sickness have seemed to follow 
hard times produced by wars and famines.* [n the individual 


: * One of these animals has been treated at intervals with arsenic in the form of 
Fowler’s solution. In March, 1907, he was still in excellent condition. 


t In this connection it is noteworthy that the mortality from trypanosomiasis ( ?) 
seems particularly great among calves ; see Eala, Nouvelle Anvers, Tshofa, &c. 
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animal, hard work, lack of food and concomitant disease sometimes 
seem to lead to a great increase in the number of trypanosomes 
present and (apparently) in their pathogenic effect. 

(6) Laboratory work has also shown that the virulence of trypano- 
somes propagated by direct inoculation from animal to animal may 
vary very greatly indeed. 


Thomas and Breinl (7, pages 14 and 21) obtained a very virulent strain of 
Trypanosoma gambiense. The animal reactions of the common strain of 7rypano- 
soma brucet are no longer the same as those originally described by Bruce (10, page 
140). The strain of Trypanosoma dimorphon employed by Thomas and Breinl 
finally became much more virulent for laboratory animals than it was at first. 


The strains of trypanosomes obtained from rats in whom 7 rypanosoma brucei 
had recurred after treatment by atoxyl were repeatedly found to be more virulent 
than the control strains (page 276). 

Whether natural variations in virulence are of the same type as in these 
laboratory examples is unknown. An observation bearing on this point is that 
there was no difference between the reactions either at the first or succeeding 
passages of animals infected with 7rypanosoma gambiense in the Gambia, where 
sleeping sickness is sporadic, and those infected at Leopoldville or in Uganda, 
where that disease is epidemic (11, 12). 


XI. CONCLUSIONS 


A. Cattle trypanosomiasis is very widely distributed in the Congo 
Free State. 

B. Trypanosoma dimorphon is probably the usual infecting 
parasite. 

C. All cattle transport should be interrupted or severely controlled. 


D. The posts for cattle raising must be carefully chosen and 
maintained. 

E. Domestic animals probably acquire a relative immunity to some 
strains of trypanosomes, and may even recover spontaneously (see 
Section IX). 
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CONCERNING THE TREATMENT OF 
EXPERIMENTAL TRYPANOSOMIASIS 


BY 


BENJAMIN MOORE, M.A, D.Sc. 


(JOHNSTON PROSESSOR OF BIO-CHEMISTRY) 


M. NIERENSTEIN, Pu.D. 


(JOHN W. GARRETT INTERNATIONAL FELLOW) 
AND 


JOHN L. TODD, B.A, M.D., C.M. (McGILL) 


(DIRECTOR OF RUNCORN RESEARCH LABORATORIES, LIVERPOOL | 
SCHOOL OF TROPICAL MEDICINE) 


From the Johnsion Laboratortes of Bto-chemistry ana of Tropical 
Medicine, University of Liverpool 


(Received April 27th, 1907) 


The present communication presents some of the results of an 
experimental study on the therapeutics of trypanosomiasis carried on 
in Liverpool. 


‘I, -PROCEDURE 


Trypanosoma brucet was used in most of the experiments given 
here because of its great virulence for experimental animals. Results 
are thus obtained much more rapidly and conclusions may be drawn 
with greater certainty than is the case with work done with other 
species of pathogenic trypanosomes. o 

Where the comparative value of two drugs was in question, care 
was taken to employ animals of as nearly as possible the same body 
weight ; the rats used in the following experiments weighed from 140 
to 175 grammes. All rats were inoculated subcutaneously with 
approximately ‘4 c.cm. of blood taken from a rat on the second day of 
infection and mixed with sodium citrate solution. In comparative 
experiments, as far as possible, all animals were inoculated with the 
same infective material. 
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Trypanosoma brucet was used in most of the experiments given 
here because of its great virulence for experimental animals. Results 
are thus obtained much more rapidly and conclusions may be drawn 
with greater certainty than is the case with work done with other 
species of pathogenic trypanosomes. | 

Where the comparative value of two drugs was in question, care 
was taken to employ animals of as nearly as possible the same body 
weight ; the rats used in the following experiments weighed from 140 


to 175 grammes. All rats were inoculated subcutaneously with 


approximately ‘4 c.cm. of blood taken from a rat on the second day of 
infection and mixed with sodium citrate solution. In comparative 
experiments, as far as possible, all animals were inoculated with the 
same infective material. 
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The strains of 7. 6rucez employed killed rats in from five to seven 
days after inoculation. In the later experiments a particularly 
virulent strain was used which killed rats in from three to four days. 
This strain was obtained from a rat in which trypanosomes had 
reappeared after treatment by atoxyl. A similar result was obtained 
in four out of eight observations; more work is being done on this 
point. | | 

In all cases the rule laid down by Thomas and Breinl! was followed 
—that the experimental treatment of animals infected with trypano- 
somiasis must not be undertaken unless the disease is well advanced— 
that is, unless the parasites are constantly present and the animal 
shows obvious signs of illness (loss of weight, &c.). The poisonous 
dose of each drug, for the animals employed, was always ascertained 
as a preliminary step to experiment. The largest possible therapeutic 
dose was employed in every instance. The drugs were given 
subcutaneously in sterile solutions. 

Atoxyl, unless it was otherwise stated, was given in a 5 per cent. 
solution in sterile water. It was found necessary to use only fresh 
solutions, since atoxy] in solutions deteriorates rapidly. 

When experiments were first commenced, the solutions of atoxy] 
were kept for some httle time.* It was noticed that their toxic effect 
on animals infected with 7. évucez was evidently great. Out of 121 
rats, 40 died within 24 hours; out of 58 rats at a similar stage of 
infection treated with freshly made solutions of atoxyl only 10 died. 
This increased toxicity on standing was confirmed by observations on 
a solution of 5 per cent. atoxyl in water which had been kept exposed 
to light for seven months. Rats inoculated with *5 ccm. of this solution 
died within four hours. It is interesting to note that a similar solution 
of atoxyl kept for the same length of time in a dark-coloured bottle 
in a cupboard was not nearly so toxic. 

For purposes of comparison it is well to state here that as a general 
rule 7. drucez reappeared in the circulation of rats, treated by atoxyl 
alone, in from 16 to 25 days after the interruption of the treatment. 
Out of 113 rats treated by atoxy] in the same manner as was employed 
in our mercury experiments (see below) only three are still alive (at 
120, a2 and 74 days after the cessation of treatment). In every case 


. * Laverant has also noted the increased toxic effect of aqueous solutions of 
atoxyl which had stood for some time. 
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in the following experiments, where sub-inoculations were made from 
experimental animals to test whether they were infected with trypano- 
somiasis, from 1 to 2 c.cin. of blood were employed. 

The routine examination of the blood was made in fresh 3-inch 
square coverslip preparations. Occasionally the blood of important 
animals was centrifugalised. 

For the first ten days or a fortnight after the completion of a 
treatment the animals were examined daily. As the animals lived 
longer the examinations became less and less frequent, until they 
were done approximately weekly. The atoxyl-treated controls were 
at first examined daily. When it was seen that the trypanosomes 
usually reappeared at about 16 to 25 days after the cessation of 
treatment examinations were omitted for the first two days after 
treatment. The blood of any animal evidently ill was of course 
immediately examined and, if necessary, sub-inoculations were made. 


II. STRYCHNINE 


Van Campenhout advised* that strychnine sulphate should be 
used in connection with atoxyl in the treatment of human trypano- 
somiasis. The following experiments were undertaken with the 
object of ascertaining whether strychnine sulphate has any action on 
trypanosomes when given alone, in conjunction with atoxyl, or when 
combined with arsenic or other drugs. Unless it is otherwise stated 
T. brucei was used in every case. 


(1) Strychnine sulphate alone 


(a) Prophylactic.—A rat was given g:2c.cm. of a 1 per cent. solution of strych- 
nine sulphate in eight doses between October 23rd and November 7th. It was then 
inoculated with 7. drucez. The infection took the usual course and the animal died 
on the seventh day after inoculation. 

(6) Curative.—The treatment of four rats commenced on the first day of the 
appearance of parasites in the blood. Two rats got altogether *3c.cm. of a -2 per 
cent. solution of strychnine sulphate. The remaining two rats received ‘8c.cm. of 
the same solution in two doses. The rat receiving the largest dose showed signs 
of strychnine poisoning but recovered. All the animals died on the third day after 
showing trypanosomes. 


*In private communications, reports in the lay press and, latterly, in the 
Bulletin de l’Academie royale de medicine de Belgique (2). In the latter publication 
Van Campenhout makes it clear that he considers that the effect of strychnine is 
probably not on the parasite, but that it exercises a beneficial effect on the nervous 
tissue injured by the trypanosomes. 
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Two rats infected with 7. gambiense each received 3'2c¢.cm. of a *2 per cent. 
solution of strychnine sulphate in five doses between the 5th and 16th November. 
Parasites appeared on the 26th October. Both animals died on the 23rd November. 


In none of the above experiments were any signs of degeneration 
observed in the trypanosomes during treatment. 


(2) Strychnine sulphate followed by atoxyl 


Curative.—Two rats each received :3c.cm. of a ‘2 per cent. solution of 
strychnine sulphate on the second day of showing trypanosomes in the blood. On 
the third day, when the animals were moribund, they each received *7c.cm. of a 
‘5 per cent. solution of atoxyl. One died. The second recovered and in the 
following week received three *5c.cm. doses of a ‘2 per cent. solution of strychnine 
sulphate. It showed trypanosomes on the 17th day after their disappearance as a 
result of the atoxyl treatment, and the animal died three days later. 


(3) Strychnine sulphate given in conjunction with atoxyl 


Curative.—The treatment of two rats was commenced on the second day of the 
appearance of trypanosomes in the blood. From the 8th to the 17th of October 
each received 3'2c.cm. of a ‘5 per cent. solution of atoxyl in five doses and gc.cm. 
of a -2 per cent. solution of strychnine sulphate in nine doses. On the 16th 
November (17 days after stopping the atoxyl treatment) trypanosomes reappeared. 
One animal died four days later. The treatment was repeated in the other (a rat 
subinoculated from this animal at this time died in the usual way from nagana in 
seven days), but trypanosomes eventually reappeared and the animal died on the 
6th December. 

The treatment of two rats was commenced on the third day of the appearance 
of Z. gambiense. From the 26th of October to the 23rd of November each animal 
received 7*7c.cm. of atoxyl in eight doses and 18-2 c.cm. of strychnine sulphate in 
twenty doses. One of the rats died on the 2nd December, the other on February 
26th, 1907; each had many trypanosomes in its blood. 


(4) Sirychnine sulphate preceded by atoxyl 


Curative.—(a\ The treatment of two rats was commenced on the first day of the 
appearance of Z. orucei in the blood. °*7c.cm. of a -5 per cent. solution of atoxyl 
was given in two doses, and then, on the seventh day after the trypanosomes had 
appeared, treatment by strychnine sulphate was commenced. For a fortnight the 
animals received daily 2c.cm. of a *2 per cent. solution. The parasites reappeared 
on the seventeenth day after the atoxyl was stopped, and both animals died of 
trypanosome infection. 

(2) Four rats each received *5c.cm. of atoxyl on the third and fifth days of 
appearance of Z. drucez in the blood. Two of them had no further treatment ; 
trypanosomes appeared and both died within 22 days. The two remaining rats 
each received 2:2c.cm. of strychnine solution in four doses on the sixth and tenth 
days of infection. One died of trypanosomiasis in 17 days, the other in 23 days. 


(5) Sirychnine arseniate 


Curative.—Eight rats inoculated with Z. bruce? were given from ‘5 to 1°5c.cm. 
of a ‘o6 per cent. solution of strychnine arseniate on the second day of the 
appearance of trypanosomes in the blood. 

The course of the disease was entirely uninfluenced and the animals died on 
the third and fourth day from the appearance of the trypanosomes. In some of 
the experiments signs of degeneration of the parasites were noticed. 
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(6) Strychnine arseniate followed by quinine arsentate 


Curative.—Four rats infected with 7’. drucez each received 2°5c.cm. of a -06 
Solution of strychnine arseniate and 2°5c.cm. of a +1 per cent. solution of quinine 
arseniate, as in the preceding experiment. The drugs were given separately, at 
twelve hour intervals, each in three doses on three successive days. The animals 
died on the fourth day, that is two days after the appearance of parasites im the 
blood. <A few degenerate trypanosomes were noticed on the second day. 


From these experiments we conclude that 
Strychnine has probably no harmful effect on Trypanosoma 
brucei or T. gambiense. 


III. ATOXYL, FOLLOWED BY MERCURY 


Our work has been directed by the idea> that perhaps the 
recurrences in cases of trypanosome infection, after treatment by 
atoxyl, might be due to some resistant stage of the parasite which 
survived the first treatment by atoxyl and later gave rise to recur- 
rences of trypanosomes more or less refractory to atoxyl treatment. 
It was thought that these hypothetical resistant forms might be 
influenced by some other drug. A series of experiments on the 
treatment of animals infected by trypanosomes was _ therefore 
commenced in which atoxyl was followed by some other drug. Up 
to the present the best results have been obtained by the use of atoxy] 
followed by mercury. We present the results of this treatment on 
rats infected with 77ypanosoma bruce. 


(a) Aloxyl followed by the bichloride of mercury 


The same solution of atoxyl was used as in the preceding experi- 
ments. The mercury was given subcutaneously in a oO’! per cent. 
solution (Liquor Hydrargyri perchloridi, B.P.). The mercury was 
never given until parasites could no longer be found by the examina- 
tion of coverslip preparations) That they were probably usually 
absent from the blood in an infective form is shown by the fact that 
none of four animals inoculated, as controls, with blood taken from 
these experimental animals after their treatment by atoxyl have ever 
become infected. 


EXPERIMENT (110).—Four rats received subcutaneously o*5 c.cm. of a 5 per 
cent. solution of atoxyl (the same strength of solution is used in the same way 
unless otherwise stated, in all the following experiments) on the third day of infection, 
the eighth day after inoculation, with trypanosomes. On the four following days 
2c.cm. of the o'r per cent. solution of perchloride of mercury was given sub- 
cutaneously (the same solution was employed in the following experiments). 
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Trypanosomes were never afterwards seen in any of these rats. One rat died 42 
days after inoculation with trypanosomes. Another, being moribund, was killed 
g5 days after inoculation. Trypanosomes were not seen at the autopsy on either 
animal, and a rat sub-inoculated from the rat killed has never shown trypanosomes. 
The remaining two rats are still alive, 181 days after inoculation. Rats and mice 
sub-inoculated from them on the g2nd and 156th days have never shown trypano- 
somes and are still alive. 

EXPERIMENT (134).—Six rats received o-8c.cm. of atoxyl solution in two doses 
on the second and third days after inoculation. The infection was severe ; one rat 
died before, two others just after the first dose of atoxyl. Two of the remaining 
rats received no further treatment. One died of trypanosomiasis in 27 days, the 
other in 22 days, after the cessation of treatment. 

In the last rat the course of atoxyl was followed by 1-5c.cm. of mercury 
perchloride given in two doses on the fifth and eleventh days after inoculation. 
Trypanosomes never reappeared. Thirty-one days after inoculation this rat seemed 
ill; it was therefore killed and another rat was sub-inoculated. Trypanosomes 
never appeared, and the sub-inoculated rat died of skin disease three months later. 


EXPERIMENT (149).—Five rats each received 0'5 c.cm. of atoxyl on the third day 
after inoculation. Two rats received no further treatment; one died (cause of 
death ?) in 16 days after inoculation, the other of trypanosomiasis, in 28 days 
(parasites reappeared three days before death). 

In three rats the atoxyl was followed by 2:7¢.cm. of mercury perchloride given 
in four doses on the sixth, seventh, tenth and eleventh days after inoculation. 
One died (cause of death ?) in 40 days. The remaining two are still alive, 155 
days after inoculation. Mice sub-inoculated from them 130 days after inoculation 
have not become infected. 

EXPERIMENT (159).—Six rats each received o*5 c.cm. of atoxyl on the fourth day 
after inoculation. ‘Three rats which received no further treatment showed trypano- 
somes in from 12 to 24 days and died in from 15 to 27 days after inoculation. 

The other three rats received 2:7c.cm. of perchloride in four doses on the 
seventh to tenth days after inoculation. Trypanosomes reappeared in none of 
them. One rat died on the eighth day after inoculation (cause ?), another on the 
eleventh day (pneumonia). The last rat is alive 133 days after inoculation, and 
mice sub-inoculated from it on the ro8th day are not infected. 


EXPERIMENT (161).—Two rats each received o'5 c.cm. of atoxyl on the fifth day 
after inoculation. One rat had no further treatment and.died three days later. 

The other rat received 1°9c.cm. of perchloride in three doses on the eighth, 
tenth and twelfth days after inoculation. Trypanosomes reappeared on the 15th 
day. Another o-5c.cm. of atoxyl was given at once, but the animal died next day. 


Treatment was probably commenced too late here; both animals 
were almost moribund when the atoxyl was given. It is possible that 
the result might have been better in the mercury-treated rat, had a 
larger dose of atoxyl been given. One dose is probably insufficient 
for so heavily-infected an animal. It may be questioned whether the 
parasites were ever entirely absent from the circulation. 


EXPERIMENT (284).—Six rats were inoculated ; one died on the third day. On 
the fourth day the remaining five rats received 1c.cm. of atoxyl in two doses. 
Two had no further treatment. Trypanosomes reappeared in them in 20 to 23 days 


»after the cessation of treatment, and they died a couple of days later, of trypano- 


somiasis (30 days after inoculation). 
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Three rats, after the atoxyl, each received 2°7c.cm. of perchloride in four doses 
on the fifth to eighth days after inoculation. Trypanosomes were not again seen in 
any of them. One rat died (spleen enlarged, cause of death ?) 20 days after 
inoculation; the remaining two are alive 123 days after inoculaticn. Mice 
inoculated from them 98 days after inoculation were not infected and are still alive. 

EXPERIMENT (294).—The treatment of six rats was commenced on the fourth 
day after inoculation ; their infection was heavy and two died on the fifth day. 
The remaining four rats received 1*4c.cm. of atoxyl in three doses on the fourth, 
eighth and tenth days after inoculation. Two rats had no further treatment ; 
trypanosomes reappeared in them in 34 and 41 days after the cessation of treatment. 
They died two to four days later (53 days after inoculation). 

In two rats atoxyl was supplemented by 2°7c.cm. of perchloride given in four 
doses on the fifteenth to-nineteenth days after inoculation. Trypanosomes have 
reappeared in neither of them. On the thirtieth day after inoculation one of these 
rats died (cause of death ?); after the second dose of atoxyl this animal had 
shown very marked signs of intoxication. The remaining animal is still alive 95 
days after inoculation. A rat and mouse sub-inoculated from it 43 and 70 days 
after inoculation are alive and uninfected. 

EXPERIMENT (296).—Four out of 12 rats died during the night of the second 
day after inoculation. On the third and fourth days the remaining eight received 
1c.cm. of atoxyl in two doses. Four rats received no further treatment; one of 
them died almost immediately. Parasites reappeared in the other three in from 
10 to 41 days after the cessation of treatment and all died in from 16 to 49 days 
after inoculation. 

On the fourth, eighth, tenth and eleventh days after inoculation 2°7c.cm. of 
perchloride was given in four doses to each of the remaining four rats ; one died 
(intoxication ?) after the first dose. All of the three rats were negative until 36 days 
after inoculation, when trypanosomes reappeared in one of them. The other two 
are still negative at 84 days after inoculation ; mice sub-inoculated from them at 
59 days after inoculation have not shown trypanosomes. The rat in which trypano- 
somes reappeared received 1c.cm. of atoxyl in two doses on the day its relapse 
was detected, and the second day after. It then received 1*7¢.cm. of perchloride 
in three doses on the fifth, seventh and ninth days after the relapse. Parasites 
again reappeared in 14 days after the relapse. Atoxyl was again immediately given 
(1c.cm. in two doses on successive days) ; the trypanosomes disappeared as usual 
from the peripheral circulation. The animal died unexpectedly seven days later. 
Trypanosomes had not reappeared in its peripheral blood ; spleen and lymphatic 
glands were enlarged. 


This is the only instance of a recurrence of trypanosomes after a 
satisfactory combined treatment by atoxyl and mercury. In this 
experiment treatment was certainly commenced very late. There 
was a smaller interval between the administration of the two drugs 
than is usual; but there were probably no infective trypanosomes left 
in the peripheral circulation after the atoxyl treatment, since a rat 
subinoculated at that time has not shown trypanosomes and still lives. 


EXPERIMENT (297).—On the third and fourth day after inoculation 10 rats 
received 1c.cm. of atoxyl in two doses ; two rats died during the night of the third 
day. Four rats received no further treatment. Trypanosomes reappeared in them 
in from 13 to 24 days after the cessation of treatment and they died two or three 
days later. 
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The remaining four rats received 2-7 c.cm. of perchloride in four doses on the 
sixth to tenth days after inoculation ; trypanosomes were not again seen in any of 
them. One rat died (cause ?) 25 days after inoculation. The remaining three are 
still alive, 56 days after inoculation, and mice sub-inoculated from them on the 
thirty-first day are alive and have never shown trypanosomes. 

When viewed in the severest light the results of these experiments 
are distinctly encouraging. The combined treatment by atoxyl and 
mercury was given to 25 rats in advanced trypanosomiasis ; all would 
certainly have died a very few hours later. Of them 13 are still 
living (after 181 to 56 days) while all the controls, which received, at 
the same time, the same quantity of atoxyl alone, are long since dead. 
Experiments have been commenced in which the effect of repeated 
doses of atoxyl is compared with this combined treatment by atoxyl 
and mercury. 

The three rats in Experiments 159, 161 (see above) which died 
soon after the commencement of treatment, should probably be 
disregarded, since in these instances treatment was commenced very 
late. The cause of death of many of the treated animals is obscure. 
It must be asked whether death was ever wholly due to intoxication 
from the drugs administered. There were two recurrences of trypano- 
somes (Experiments 161 and 296). Two subinoculations in rats made 
from the treated animals dead in Experiments 110 and 134 are still | 
alive. It therefore seems doubly doubtful whether death was in these | 
instances due to trypanosomiasis. If these facts are considered our 


results become still more encouraging.* 


(6) Atoxyl followed by Donovan's solutiont 


EXPERIMENT (310).—Eight rats received 1c.cm. of a 3 per cent. solution of 
atoxyl in two doses on the fourth and fifth days after inoculation. Two rats died 
during the fourth night. On the sixth, eighth and tenth days 1-5c.cm. of 
Donovan’s solution was given in three doses to the remaining six rats. All of 
them are still alive 44 days after inoculation; mice sub-inoculated on the nineteenth 
day are alive and have not shown trypanosomes. 


This experiment quite confirms those which have preceded it; it 
seems certain that such a combined treatment as we describe should 
be given a thorough trial in the treatment of human and animal 
trypanosomiasis. 


* Experiments of a similar type, at present under observation, on 7. drucet and 
T. gambiense in guinea pigs, rabbits, dogs and donkeys have so far been in 
complete accord with the results obtained in rats. 


+1 per cent Iodide of mercury, 1 per cent. of Iodide of arsenic in water. 
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It has been abundantly proved by the work of many previous 
observers and by our own preliminary experiments that mercury 
perchloride alone will not cure trypanosomiasis. That it has a marked 
beneficial effect when preceded by atoxyl is shown by the results 
communicated in this paper. How has the mercury acted? A 
tempting explanation would be that atoxy]l attacks and kills the usual 
active well-known phase of the trypanosome found in the peripheral 
circulation, but that there exists somewhere in the tissues an inert,” 
resting phase, or that such a phase is formed from the active phase 
by the action of the atoxyl.!2 On this phase the atoxyl has no 
poisonous action or an ineffectual one, but on it the mercury salt, 
which conversely has no action on the active form, has a powerful 
poisonous action. The result is that the inert form exists after atoxy] 
treatment in the tissues. On stopping the drug, or on the trypanosome | 
becoming inured to it,t there is a recurrence of the active form and a | 
fresh outbreak of the disease. The mercury prevents recurrence by | 
killing the inert form. 
| This hypothesis suggests the application successively of two or 
more remedies, each attacking a different phase of the existence of 
protozoan parasites. 

Two such remedies attacking two successive phases are likely to : 
prove more successful than two remedies attacking the same phase.+ : 
For example, Mesnil and Nicolle and Aubert? have shown that atoxy] , 
in alternation with their aniline colours (Ph and Cl) is practically not | 
more effectual than atoxyl alone§ Here two agents identical in 
action are administered ; the novelty of a mercury salt after atoxyl be 
lies in the fact that the mercury is not active in the same phase as the 
atoxyl. 

From this point of view it would be of interest to discover whether [ 
the mercury salt would be equally effectual after the aniline trypano- : 
cides, and this we are proceeding to investigate. 


* We owe this suggestion primarily to Dr. Thomas. 

+ Ehrlich (11) has produced strains of trypanosomes uninfluenced by atoxyl. 

{ Trypanocidal substances known to have a decided action on the active stage of 
trypanosomes are the following:—by Ehrlich and Shiga (7), trypan-red; by Ehrlich (8), 
trypan-blue; by Mesnil and Nicolle (g), colours Ph (synonym of trypan-blue) and C1; 
by Wendelstadt and Fulmer (10), malachite green; bv Thomas and Breinl (1), atoxyl. 

§ Combined treatment along these lines has been attempted by many authors, ite 
notably by Laveran (6) and Thomas and Breinl (1). fs 


6.4 
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It is concluded that :—- 


(1) In the treatment of rats infected by 7rypano.oma brucei the 
administration of atoxyl followed by mercury perchloride gives better 
results than does uncontinued treatment by atoxyl alone. 

(2) The combined treatment should be given a careful trial in 
natural trypanosome infections of man and animals. 

(3) The treatment must be commenced as early in the infection 
as possible ; full therapeutic doses of the drug must be given; fresh 
solutions of atoxyl must be employed ;* probably the mercury should 
not be given until the parasites have been driven from the peripheral 
circulation. 
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